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PLATES

Studies in Inheritance of Certain Characters of Crosses between
Dairy and Beef Breeds of Cattle

Page
Plate I. A.—Eventime 4th: This is a good Aberdeen-Angus cow of rather

light fleshing. B.—Hearthbloom: The rounded blocky conformation is

typical of the Aberdeen-Angus breed. C.—Orono Netta: Note the typical

horns thrown up well over the head 58

Plate 2. A.—Lady Primrose's Governor of the Fountain: This imported bull

presents the characteristic conformation and white markings of the Guern-

sey breed. B.—Creusa's Lady: The illustration of this Guernsey cow is

inserted to show the large areas of white interspersed with cream-colored

hair typical of the coat of this breed. C.—This Holstein-Friesian bull is

of excellent constitution and vigor. He is the father of a good number of

otir crossbreds 58

Plate 3. A.—Lakeland's Poet: This Jersey bull exhibits the dark type of

pigmentation at one end of the range of coat colors characteristic of the

breed. B.—Lassie of M. F.: The light pigmentation of the coat of this

Jersey exhibits one end of the range of coat colors characteristic of the

Jersey breed. C.—Crossbred 6: The characteristic shape of the head and
carriage of horns show plainly the Ayrshire blood of this Fj bull from a

Holstein-Friesian X Ayrshire cross 58

Plate 4. A.—Crossbred 9: This crossbred is essentially of the beef type.

B.—Crossbred 11: This animal is distinctly an intermediate between the

Holstein-Friesian and the Jersey. C.—Crossbred 14: Another Holstein-

Friesian-Jersey cross; this time a bull 58

Plate 5. A.—Crossbred 15: This Fj female out of a Jersey X Aberdeen-Angus

cross shows the characteristic polled condition of the females of the Aber-

deen-Angus crosses. B.—Crossbreed 19: A ty^pical freemartin bom
twin with No. 18. C.—Crossbred 23: A Holstein-Friesian X Jersey bull,

showing white hind feet and switch 58

Plate 6. A.—Crossbred 28: This F2 bull comes from the cross of a black Fj bull

Aberdeen-Angus-Guemsey X Guernsey. B.—Crossbred 21: This bull

is the progeny of Kayan (Aberdeen-Angus clean-polled bull) mated with

Dot Alaska (Ayrshire) 58

Hardening Process in Plants and Developments from Frost Injury.

Plate A. i.—A cabbage leaf showing the chlorophyll distribution in the

intumescences. 2.—A cabbage leaf showing the comparative peroxidase

reaction given in the tiunor and leaf cells with tetramethylparaphenylene-

diamine 112

Plate 7. A.—Injected areas of cabbage leaves photographed by transmitted

light immediately after freezing. B.—Injected areas of tomato leaves

photographed by transmitted light immediately after freezing 112

Plate 8. A.—Tomato leaf showing the collapse of the palisade in the frozen

areas. B.—Crystals of calcium malo-phosphate in the injected areas of

cabbage leaves photographed by polarized light. C.—Young tumor of

cabbage leaf three days after freezing, showing large nuclei and multi-

nucleate cells iia

(V)
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Plate 9. A.—Distribution of the intumescences on cabbage leaves. B.

—

Intumescences on cabbage leaves photographed by transmitted light. ... 112

Plate 10. A.—Section of cabbage tumor after seven days, showing the chains

of cells beginning at the epidermis and areas of small cells in active division

in the center of the leaf. B.—Section of cabbage tumor after two weeks'

growth 112

Plate h. A.—Cabbage plants showing the relative injury to hardened (H)

and nonhardened (NH) plants after exposure for the time given on the

label in minutes to a temperature of—3° C. B.—Tomato plants showing the

relative injury to plants from the greenhouse (NH) and from coldframes

(H) after exposure for the time given on the labels in minutes to —1.5° C
The plants from the coldframes were not frozen 112

The Meadow Plant Bug, Miris dolabratus

Plate 12. Miris dolabratus: A.—a, Eggs in grass stem, all hanging in one direc-

tion; b, eggs in grass stem placed in opposite directions; c, same as upper

part of b, more enlarged; d and e, eggs in clover stems. B.—Eggs at left; i,

first instar; 2, second instar; j, third instar; j+, thirdinstar more mattire;

4, fourth instar; 5, fifth instar; 6, adult male above, female below 200

Anglxar-Leafspot of Cucumber: Dissemination, Overwintering, and
Control

Plate 13. A.—Cucumber leaf five days after inoculation with Bacterium lach-

rymans, showing severe infection. B.—Plant a, photographed seven days

after inoculation with Bad. lachrymans, shows considerable stunting as com-

pared with the uninoculated control, plant b 220

Plate 14. Stomatal movement in relation to infection 220

Plate 15. A.—Overwintering on seed: Nattiral infections on cotyledons of

seedling grown in steamed sand from commercial seed which had been kept

in storage for seven months after harvesting. B.—Picker dissemination.

C.—Dissemination by rain 220

Plate 16. A.—Seedling infection resulting from seed inoculation with Bac-

terium lachrymans. B.—Cucumber fruit showing small, watersoaked,

circular spots with white centers resulting from natural infections with

angular-leafspot 220

Plasticity of Biologic Forms of Puccinia graminis

Plate 17. A, B.

—

Puccinia graminis tritici from Hordeum jubaium (Moorhead,

Minn.) on rye after having previously spent 2 urediniospore generations

on rye, 4 on barley, i on rye, 2 on wheat, and 5 more on barley. C.

—

Puccinia graminis tritici from Hordeum jubatum, originally from Moorhead,

Minn., but with subsequent history of R2—B4—Ri

—

W^—B5—Rj 250

Plate 18. A.

—

Puccinia graminis tritici from Hordeum jubaium, originally from

Moorhead, Minn., but with subsequent history of Rj—B4—Rj—Wg—B5

—

Rj: vSmall uredinia and sharp flecks on rye. B, C.

—

Puccinia graminis

tritici on wheat 250

Fumigation of Cattleya Orchids with Hydrocyanic-Acid Gas

Plate 19. Cattleya schroederae five months after having been fumigated with

hydrocyanic-acid gas at the rate of i ounce per 100 cubic feet of space 268

Plate 20. Examining a case of cattleyas before fumigation at the port of New
York 269
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Sweet-Potato Storage-Rots
Page

Plate 21. A.—Sweet-potato softrot, caused by Rhizopus nigricans. B.

—

Sweet-potato ringrot, caused by Rhizopus nigricans 368
Plate 22. A.—Blackrot of sweet-potato slips caused by Sphaeronema fim-

briatum. B.—Blackrot on a bedded sweet potato 368
Plate 23. A.—A sweet potato with four blackrot spots caused by Sphaeronema

fimbriatum taken from a storage house in November. B.—The same sweet

potato shown in A after being kept in an ice box for two months 368
Plate 24. A.—An originally healthy sweet potato sprayed with the spores of

Sphaeronema fimbriaium and confined in a moist chamber. B.—A typical

blackrot spot on a sweet potato as usually foxmd at digging time or in storage.

C.—Cross sections of blackrot sweet potatoes, showing the depth to which
the fimgus will sometimes penetrate 368

Plate 25. A.—A sweet potato decayed by the Java blackrot fimgus, Diplodia

tubericola. B.—A sweet potato decayed by the dryrot fungus, Diaporthe

batatatis 368
Plate 26. A.—A section through a sweet potato partially decayed by the foot-

rot fimgus, Plenodomus destruens. B.—Sweet-potato scmf , caused by Mon-
ilochaetes infuscans. C.—A sweet potato entirely covered with scurf 368

Plate 27. A.—A cross section of a sweet potato decayed by Mucor racemosus

at a temperature of 5° C. B.—A longitudinal section of a sweet potato

decayed by Alternaria sp. C.—A portion of a sweet potato probably de-

cayed by PeniciIlium sp. D.—A cross section of a sweet potato showing
the characteristic appearance of the rot caused by Botrytis cinerea. E.—

A

cross section of a sweet potato almost completely decayed by Epicoccum sp.

F.—A longitudinal section of a partly decayed sweet potato 368

Further Studies on Brisket Disease

Plate 28. A.—Livers of normal calf and one affected with brisket disease.

B.—Hearts of normal animal and one that died of brisket disease. C.

—

Case 33 , a heifer showing the characteristic symptoms of the brisket disease . . 414

Plate 29. A.—Interlobular connective tissue in the liver of an animal dead of

brisket disease. B.—Fatty accumulation in the liver in early stage of

brisket disease 414
Plate 30. A.—Edema around one of the arterioles in the kidney. B.—Mal-

pighian body in the kidney of an animal dead of brisket disease 4x4

Observations on an Outbreak of Favus

Plate 31. Bird affected with favus: A pronounced case showing involvement
of the comb, face, and neck 418

A Contribution to the Biology of Fruit-Fly Parasites in Hawaii

Plate 32. Oviposition of fruit-fly parasites: A.

—

Diachasma tryoni ovipositing

into fruit-fly larva in fruit of Mimusops elengi. B, C, D.

—

Teirastichus

giffardianus ovipositing into fruit-fly larva. E.

—

Galesus silvestrii oviposit-

ing into fruit-fly puparium 466

Experiments on the Value of Greensand as a Source of Potassium for
Plant Culture

Plate 33. Sand cultures with potassium salts: A.—I, Turkey Red wheat.

Potassium supplied in potassium nitrate. II, Red clover. Potassium

supplied in potassium nitrate. B.—I, Turkey Red wheat. Potassium

supplied in potassium chlorid. II, Red clover. Potassium supplied in

potassium chlorid. C.—I, Turkey Red wheat. Potassium supplied in

potassium sulphate. II, Red clover. Potassium supplied in potassium

sulphate 493
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Plate 34. Cultures with greensand deposits: A.—Red clover. Potassium

supplied in greensand deposits from Red Bank, N. J. I, Series with green-

sand marl from upper stratum. II, Series with greensand from lower

stratum. B.—Turkey Red wheat. Potassium supplied in greensand

deposits from Red Bank, N. J. C—I, Turkey Red wheat. Potassium

supplied in greensand marl from Pamunkey Valley, Va. II, Red clover.

Potassium supplied in greensand marl from Pamunkey Valley, Va 492

Seedling Diseases of Conifers

Plate B. i. Normal damping-off on western yellow pine; caused usually by

Corticium vagum, Fusarium spp., or Pythium debaryanum. 2,3. Blacktop

damping-off on jack pine; probably caused by Trichoderma sp. 4. White-

spot injury, common type, on western yellow pine; usually due to excessive

heat at soil surface. 5. Whitespot lesion, one-sided type, on western yellow

pine; due to heat. 6. Late damping-off resulting from inoculation with

Pythium debaryanum on red pine more than 5 weeks old. 7. Wind injury

to jack pine 558

Histological Studies on Potato Leafroll

Plate C. Camera-lucida drawing of diseased tissues of the Irish potato: i.

—

Tranverse section of an internal phloem group showing initial stage in for-

mation of intercellular spaces. 2.—Tranverse section of external phloem

and pericycle showing the same condition. 3.—Tranverse section of inter-

fascicular region of mature stem showing necrosis in xylem, cambium,

medullary ray cells, and cortex. 4.—Transverse section of external phloem.

5.—Transverse section of internal phloem of mature stem, showing severe

necrosis. 6.—Transverse section of internal phloem group, showing forma-

tion of a large intercellular cavity extending up to the protoxylem and

involving a few cells of the phloem 570

Plate 35. A.—Normal potato plant, Paul Kruger variety, Ithaca, N. Y.,

March, 1916. B.—Potato leafroll in Paul Klruger variety 570

Plate 36. Typical potato leafroll in Early Rose variety 570

Plate 37. Typical potato leafroll in Paul Kruger variety 570

Plate 38. A.—A cross section through upper part of stem, showing necrosis in

outer phloem and cortex. B.—Cross section through distal region of stem,

showing formation of intercellular spaces in outer phloem and cortex. C.

—

Cross section through distal region of stem , showing formation of intercellular

spaces between the cells of the inner phloem. D.—View of another phloem

group showing cell wall thickening 570

Plate 39. A.—Cross section through lateral bundle of petiole showing a

diseased phloem group in the internal region and the effect of necrosis on

the surrounding parenchyma. B.—Cross section of stem, showing an

unusual type of necrosis 570

Plate 40. A.—Cross section of stem showing granular deposit in cell of cortex

and formation of intercellular spaces proceeding from the region of the

fibers centripetally. B.—Cross section of stem showing large schizogenous

cavity between cells of pericycle and cortex and centripetal advance of the

formation of intercellular cavities 570

Plate 41. A.—Section of middle portion of stem showing necrosis in cells of

cortex and primary phloem. B.—Cross section of middle portion of stem

showing diseased areas in pericycle and outer phloem 570

Plate 42. A.—Cross section of intemodal region of upper part of stem showing

radial stretching of the elements of the pericycle. B.—Longitudinal sec-

tion of nodal region of upper part of stem showing extent of necrosis 570
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Plate 43. A.—Cross section of petiole of mature plant showing severe necrosis.

B.—Cross section of nodal region of stem tip showing formation of large

lysigenous cavities extending from cortex to pith and involving inner

phloem groups and metasylem 57°

Plate 44. A.—Cross section of stem of mature plant, showing necrosis of in-

ternal phloem together with radial elongation of the cells of the perimed-

uUary zone. B.—Enlarged view of a necrotic internal phloem group 570

Plate 45. A.—Cross section of midrib of mature plants (Magnum Bonum),

showing abnormal development of the vascular tissue with thickenings of

the walls of the phloem adjacent to the fibers. B.—Cross section of petiole

of mature plant, showing abnormally large development of the vascular

tissue of the petiolar wings • 57°

Brown Canker of Roses, Caused by Diaporthe umbrina

Plate D. Rose cane showing lesion of the canker caused by Diaporthe umbrina. 600

Plate 46. A.—Rose cane showing the appearance of the canker caused by Con-

iothyrium fuckelii. B.—A rose stem showing local infections produced by

Diaporthe umbrina. C.—Culture of Diaporthe umbrina from stage B on a

rose stem showing beaks of perithecia. D.—Culture on a rose stem from

stage B showing spore masses extruded from pycnidia. E.—Pycnospore

masses from culture shown in figure C 600

Plate 47. Diaporthe umbrina: Results of inoculations A.—Control. B.

—

Rose stem showing infection produced by inoculation with stage B; cut

rose stems placed in moist atmosphere vmder bell jars in the laboratory.

C.—Control. D.—Rose stem showing infection produced by inoculation

with stage B ; rose plants in the greenhouse 600

Parasitism, Moi{phology, and Cytology of Cronartium ribicola

Plate 48. Cronartium ribicola on Pinus strobus: A.—This figure illustrates the

etiolated condition of the bark in the case of a comparatively young nodal

infection. B.—This figure illustrates an intemodal infection, somewhat

older than that shown in figure A, in which the infection apparently orig-

inated at the base of the leaf fascicle (o) 660

Plate 49. Cronartium ribicola: A.—The edge of a pycnium in section. B.—

Part of the same section showing the general relation of the elements which

go to make up the sorus and their relation to the host cells beneath. C.

—

Tangential section in the xylem, showing the cut end of a ray and the man-

ner in which a haustorium (a) may rise from the hyphse in the ray and enter

the lumen of the tracheid ^60

Plate 50. A.—A figure illustrating the relation of the pycnium (a), the heavy

black line at the top, and young secium, to the host tissue. B.—A section

through a mature gecium, taken a little to one side of the break in the bark,

to show the seciospore chains (a), the multilayered peridium (b), and the

overlying host tissue. C—A similar section showing a double pycnial layer

(a, Ci), and the location of the cork cambium (b) which cuts out the old pyc-

nium ^^
Plate 51. Cronartium ribicola: A.—A median section through a young uredi-

nium forming in the space beneath a stoma. B.—A section through the

same uredinium as that shown in Plate 55, C, taken to one side of the break

in the peridium , toward the edge of the sorus. C—An internal uredinium

from the cortex of Ribes hirtellum 660

88097°—20—
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Plate 52. Cronartium ribicola: A.—A section of a young telial column. B.—

A later stage in the development of the telial column. C—A longitudinal

section of a mature column. D.—Higher power view of the same section,

showing the arrangement of the individual spores, and the size of the nuclei.

E.—A cross section of a small mature column 660

Plate 53. Cronartium ribicola: A drawing to show the intimate relation of the

mycelium of the parasite to the host cells 660

Plate 54. Cronartium ribicola: A.—A drawing of an infected 12-year-old main

stem. B.—Drawing of a section through part of a young aecium showing

the relation of tlie fertile cells with their denser protoplasmic contents to

the overlying sterile cells, in which the cytoplasm and nuclei have begim

to go to pieces 660

Plate 55. Cronartium ribicola: A.—A drawing of a median section through a

very young uredinium. B.—A drawing of a median section through a

young uredinium, somewhat older than that illustrated in figure A. C.

—

A drawing of a median section through a small mature uredinium 660

Plate 56. Cronartium ribicola: A.—A drawing of the cell relations near the

edge of an secium to illustrate the formation of the multilayered secial perid-

ium. B.—A drawing of a section through a mature peridium, taken from

the same series as the photomicrograph in Plate 50, B. C.—A drawing of

a short mature telial column in which the teliospores (a) have germinated,

producing promycelia and sporidia (6) 660

Plate 57. Cronartium ribicola: A.—A mature teliospore from the tip of a

colurmi. B.—A mature teliospore from the side of a column. C.—A ma-

ture teliospore from the side of a column. D.—Five germinating teliospores

from a longitudinal section of a column. E.—A germinating teliospore.

F.—Early prophase of the primary division in the promycelium. G.

—

Late prophase of the primary division in the promycelium. H.—Early

anaphase of the primary division in the promycelium. I.—Later anaphase

than that shown in figure H. J, K.—Two anaphase stages of the primary

division. L.—Late anaphase of the primary division. M.—End of the

anaphase of the primary division. N.—The 2-celled promycelium.

O.—Metaphase of the second division. P.—Telophase of the second di-

vision. Q.—The reorganizing nuclei after the second division. R.—The
completed promycelium. S.—Surface view of a germinating promyce-

lium. T.—The tip cell of a germinating promycelium. U.—A little

later stage than the last. V.—Surface view of a tip cell of a promycelium

bearing a sterigma and a nearly mature sporidium. W.—A mature

sporidium. X, Y, Z.—Steps in the germination of the sporidia. AA.

—

Sectional view of a mature sporidium. BB.—Sectional view of a germi-

nating sporidium. CC, DD.—Two stages in the formation of secondary

sporidia. EE.—Midanaphase of the division of the sporidium nucleus.

FF.—Late anaphase of the same. GG.—Sectional view of a binucleate

sporidium. HH.—Two cells from the vegetative mj^celium in the pine.

II.—A definitely polarized nucleus from the vegetative mycelium in

the pine, located just beneath the fertile layer of the young aecium 660

Plate 58. Cronartium ribicola: A.—The elements of the pycnium. B.—An
active thin-walled haustorium from a pine host cell. C, D, E.—Old haus-

toria. F.—Telophase of division of one of the cells of the fertile layer to

form a sterile cell. G.—A newly formed sterile cell. H.—A large polarized

nucleus from the fertile layer. I.—An secial basal cell resulting from the

fusion of two adjacent cells of the fertile layer. J.—A diagram of a basal

cell resulting from the fusion of two cells from different levels. K.—^A
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diagram of a trinucleate irregular basal cell from the tip of which a tri-

nucleate aeciospore initial has been cut off. L.—A diagram of part of an
irregular compound fusion cell. M.—^A basal cell with the nuclei in early

prophase. N.—Partof a basal cell. O.—A later stage than the preceding.

P.—Metaphase of the division in the basal cell. Q.—Early anaphase, a
little later than the stage in figiu-e P. R.—Midanaphase of the division.

S.—A later stage of anaphase than in figtu-e R. T.—Final anaphase.

U.—Telophase. The two groups for each pole are still distinct. V.—Telo-

phase. The two groups at each pole have condensed to single masses.

W.—Prophase of the division in the seciospore initial. X.—Final telophase

of the same. Y.—An aeciospore chain in section view. Z.—A large ma-
ture aeciospore in surface view. AA.—A nucleus from a mature aeciospore . . 660

Plate 59. Cronartium ribicola: A.—Germinating aeciospores. B.—Sectional

view of the aeciospore wall showing the manner in which the germ tube is

constricted. C.—A binucleate cell from the mycelium in a leaf of Ribes sp.

D.—A binucleate haustorium from a host cell of Ribes sp. E.—A uredinial

basal cell. The nuclei are in prophase. F.—Metaphase of the primary

division in the basal cell. G.—Early anaphase of the same division. H.

—

A later stage of the anaphase. I.—Final anaphase. J.—A binucleate ure-

diniospore initial. K.—Metaphase or early anaphase of the division in

the initial. L.—Late anaphase in the initial. M.—Late anaphase group

from the initial, for comparison with figure L. N.—A basal cell bearing a
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twigs inoculated with Pseudomonas citri 666
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STUDIES IN INHERITANCE OF CERTAIN CHARACTERS
OF CROSSES BETWEEN DAIRY AND BEEF BREEDS
OF CATTLE '

By John W. Gowen
Assistant Biologist, Biological Laboratory, Maine Agricultural Experiment Station

INTRODUCTION

An outstanding need of present-day genetics is the analysis of the

hereditary variations in the economically important domestic animals.

It is the purpose of this paper to present a preliminary analysis of the

data from the first-generation crosses of the prominent dairy breeds of

cattle on the beef breed Aberdeen-Angus (22, 42)}

This work has been undertaken as a link in the chain of evidence

necessary to the final solution of the problems which are connected

with the inheritance of milk and butter-fat production. Consider-

able work has already been done in this laboratory in the analysis of

the variation in these characters without immediate regard to the inherit-

ance of such variation {2J-S8). These studies, it is believed, lay the

foundation for the accurate analysis of such characters, for without a

comprehensive understanding of the normal fluctuation of such quan-

titative character as milk production, it is practically impossible to

determine such inheritance.

Further, the only method now known by which an adequate analysis

of these laws of hereditary can be made is by hybridization experiments

so carefully planned that the segregating factors may be analyzed sepa-

rately. To that end a crossbred herd is being formed to accumulate as

much material as possible for the analysis of such hereditary variation.

This crossbred herd has now gone into its second generation. It seems

wise, therefore, to make a preliminary analysis of the data of the first-

generation herd.

This paper will have as its object the analysis of the inheritance of the

more prominent characters of the first generation of this crossbred herd.

The plan of the work and its early prosecution was carried on by

Dr. Raymond Pearl. Through the exigencies of the war the analyses

of the data so far collected and the further prosecution of the work has

fallen to the author. The results of this analysis are presented in the

1 Reference is made by number (italic) to "Literature cited," p. S4-S7-

2 Papers from the Biological Laboratory of the Maine Agricultural Experiment Station, No. 120.

Journal of Agricultural Research, Vol. XV, No. i

Washington, D. C. (l) Oct. 7, 1918

po Key No. Me.-ia



Journal of Agricultural Research Vol. XV. No. 1

following pages. The conclusions drawn from them are the author's,

and he is alone responsible for them.

FOUNDATION HERD

The stock available for the crosses consisted of the following breeds

in the relative proportions shown in Table I : Holstein-Friesian, Guern-

sey, Jersey, Ayrshire, and Aberdeen-Angus.

Table I.

—

Breeds available as foundation stock for the crossbred herd

Breed.

Holstein-Friesian
Holstein-Friesian grades.

Guernsey • • • •

Jerseys
Maine State Jerseys
Maine State grades
Ayrshire
Angus

Total, all breeds.

Male. Female.

3

37
i6

lO

6

I

86

It will be noted that there were a number of grades carrying in,uch

Holstein-Friesian blood. These were not used, since to carry convincing

proof the ultimate results must be based on experiments with stock

bred for some generations for the characters which were to be studied:

milk, butter fat, and beef; otherwise the results might be explained by

the heterogenous mixture of factors contained in the grades. The
stock, together with the breeds which were finally used in the foundation

crosses, is shown in Table II. They are all animals of good breeding and

come from lines productive in milk, butter fat, or beef production, as the

case may be.

It seems well at this, point to consider the qualities of this foundation

herd in respect to its inbreeding and possibilities of increased vigor due

to heterosis of the crossbred progeny. Studies of the known inbreeding

of this foundation herd have been made. The choice of a definite numeri-

cal measure of this inbreeding is necessary to any adequate study.

Several such figures have been given to the students of inbreeding through

studies of this laboratory (27-38). It is thought wise to use only one of

these measures—namely, the coefficient of inbreeding—as this measures

the total amount of inbreeding which has taken place in the pedigree of

a given animal. Table III gives this amount of inbreeding in the suc-

cessive generations, up to the fourth, known to have taken place in the

pedigree of the animals used in this foundation herd. It will be noted

that these inbreeding coefficients are, in general, low, compared with

those of the animals already studied in this laboratory. This indicates

that inbreeding would have little efifect in increasing the vigor or pro-

duction by the animals of the crossbred herd.



Oct. 7,1918 Crosses between Dairy and Beef Breeds of Cattle

Table II.

—

Parents of the crossbred herd

Breed and animal.

Jersey:
Lakeland's Poet (102603)
Gilumbia's Fox (126386)
Flora 's Golden Poetess

(264927)
Rosalie (MSJHB 4887)
Ruth 8th (MSJHB 4457)
Flying Fox's Flora (274051). .

College Ruth (MSJHB 4895) .

Rue Victoria (273096)
Columbia Brown Bessie

(148551)
Lassie of M. F. (297736)

Holstein-Friesian :

Delva's University De Kol
(146774)

Johanrxa Lad Manor De Kol
^(41913)
Taiu-us Creamelle Hengerveld

(98482)
Pauline Posch (81048)
Delva Johanna De Kol (33910)

Times
bred.

(a)

Breed and animal. Times
bred.

Guernsey:
Lady Primrose's Governor

of the Fountain (18328). .

.

Canada's Cresua (44386)
College Creusa (2 5661 )

Creusa of Orono 3d (34228) . .

College Gem (40037)
College Creusa 2nd (34227) . .

Creusa 's Lady (53234)
College Gem 2nd (53235). . .

.

Ayrshire:
Dot Alaska (20353)
Maple Grove Netta (29307) .

.

Orono Netta (38832)
Aberdeen-Angus :

Kayan (167617)
Eventime 4th (155526)
Hearthbloom (147141)
Orono Madge (192781)
Orono Ellen (192783)

21

3

3

(o) Twins once.

Table III.

—

Amount of known inbreeding in the foundation herd

Name of animal.

Known repeated ancestors'
generations.

Total
known re-

peated an-
cestors for

four gen-
erations.

Coefficient
of inbreed-

ing.

Canada's Creusa (44386)
College Creusa (25661)
College Creusa 2nd (34227)
College Gem (40037)
Columbia's Brown Bessie (148551) . .

Columbia's Fox (126386)
Creusa 's Lady (53234)
Creusa of Orono 3rd (34228)
Delva Johanna De Kol (146774)
Delva's University De Kol (133910).
Eventime 4th (155526)
Kayan (167617)
Hearthbloom (147141)
Flora's Golden Poetess (264927)
Flying Fox's Flora (274051)
Lady Primrose's Governor of the
Fountain (18328)

Lakeland's Poet (102603)
Lassie of M. F. (297736)
Pauline Posch (81048)
Johanna Lad Manor De Kol (419 13).

Rosalie (MSJHB 4887)
Rue Victoria (2 73096)
Ruth 8th (MSJHB 4457)
Taurus Creamelle Hengerveld (98482 )

.

Maple Grove Netta (29307)

Average inbreeding

.

25. 000
25. 000
12. 500

. 000
6.250

. 000

. 00a
12. 50a
6. 250

25. 000
6. 250
6.250

. 000
18. 750

. OOQ

6.,2So

18. 750
12. 500

. 000
12. 500.

. 000
12. 500

. 000
18. 750

. 000

8.654

o All animals that can not»be traced fairly completely for the four generations are excluded from this

table.



Journal of Agricultural Research Vol. XV. No. I

GENERAL PLAN OF THE MATINGS

The experiments for the study of the inherited characters of the dif-

ferent breeds were intended to include those breeds where careful selec-

tion of these characters had been made. Before passing to a study of

these characters in the F^ hybrids it seems necessary to have clearly in

mind the characters of the breeds used as parents so that a definite con-

ception of the breed and type differences may be had. Toward this end

Table IV has been drawn up in the simplest form possible.

Table IV.

—

Contrasting characters of the parental breeds of the crossbred herd

Character.

Body color . .

Wliite mark-
ings.

Switch color.

Pig-

pig-

Muzzle
ment.

Tongue
ment.

Horns
Conformation
Milk quantity
Milk quality

.

Jersey.

Fa\vn or dun

Often absent

Black or
white.

Black

.do.

Honis. .

.

Dair\'. . .

Medium.
High....

Guernsey.

Light fawn
or dun.

Present

Light fa\vn

or white.
Wliite

.do.

Horns. .

Dairy. . .

Medium.
High....

Ayrshire.

Red

Present

Red or white

Black

.do.

Horns. .

Dairy. .

.

Medium.
..do....

Holstein-
Friesian.

Black. .

Present

.

Black or
white.

..do

.do.

Horns.
Dairy.
Large.
Low. .

Aberdeen-
Angus.

Black.

Often ab-
sent.

Black.

Do.

Do.

Polled.

Beef.

Low.
Hidi.

By comparing the various characters which the different breeds ex-

hibit, as seen in Table IV, the following character differences are brought

out. The coat variations offer a range of color from black to almost

white. This white is divided into more or less definitely centralized

white areas, each one of which presumably behaves distinctly. The

tongue colors of the Jersey and Guernsey are such that colors from white

to black are available. The typical conformation of each breed is dis-

tinct, offering many points of difference. Further differences which seem

rather too obvious to describe are horns, secretions, skin texture, general

body build, mammary development, temperament, and the physical and

chemical character of the milk. In all it is believed that the choice of

the foundation stock has been almost ideal, for in each breed chosen

there has been years of selection for some of the above-mentioned char-

acters whose inheritance is to be studied.

In this connection it may be objected that the inheritance of these

characters are not economically important. This is in a sense true; yet

the intimate association v/hich exists between the hereditary units

necessitates the studying such things as coat color and tongue color for

the full analyses of the economically important problems. It is the pur-

pose of this preliminary paper on the first generation hybrids to lay the

foundation for acquiring exact knowledge of such tilings as milk and

beef production.
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CROSSBRED HERD
Time of beginning matings

The crosses herein described are the result of matings since the spring

of 191 3. For the number of animals there were to work with this is

satisfactory progress, and it is expected that with reasonable success the

first-generation crosses will soon be complete.

plan of matings

The plan calls for reciprocal matings of all of the important dairy and
beef characters. At first there were some crosses made which were later

found to be hampered by the fact that it was impossible to keep the bulls

necessary for the Fj generation. Consequently only the heifers were

saved for future breeding purposes. The breeds chosen for the foundation

of the Fi Mendelian herd were Jersey, Holstein-Friesian, and Aberdeen-

Angus. The ultimate choice of these rests on the fact that these breeds

have all the outstanding characters which were desired for analyses,

such as low and high milk production, lOw and high percentage of fat,

poor and good beef qualities. Besides these, the minor characters of

color, secretions, and conformation offer considerable range of variability

for analyses in conjunction with the analyses of the economic characters.

In handling the Mendelian herd and its parential generation, it is the

plan to have them under as nearly the same conditions as the rest of the

herd animals as it is possible. They are raised side by side with the

other herd animals and treated in exactly the same way, by the same
herdsman. In the breeding of the animals a rack is used wherever there

is a marked difference in size or where it is desirable to facilitate the

matings. After the mating has taken place, the herdsman fills out one

of the service record blanks shown in figure i

.

If the first service fails, another service is given at the next period of

heat. Each of these service blanks are filled out and carefully filed. When
a birth takes place, the herdsman files another blank recording such birth.

The corresponding service and birth blanks are then filed together. Each

animal is tagged at birth with a number corresponding with that on its

birth blank. These tags are the common metal tags put through the carti-

lage of the ear. Besides this, when the animals are old enough, they are

branded on the shoulder with their distinguishing number. Any chance

in mistake of pedigree of these animals is thus reduced to a minimum.

All of the animals are kept until they are 200 days old, when they are

measured for the study of conformation in relation to milk production.

Besides this description the animals are carefully examined and a descrip-

tion of the color and other outstanding features made. Photographs of

all of the animals are taken before they are sold and kept in the perma-

nent files of the Biological Laboratory for reference.

description of matings

Before passing to the analyses of the individual Fj hybrids it is well to

have clearly what each individual mating was and what differences

between them could be expected. To this end Table V has been drawn

up to show the matings which produced each crossbred.
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Fig. I.

—

Service and Birth Records used at Maine Exi^Eriment Station.

Service record blanks are filed numerically with the herdsman. When a service is made, the service

record blank is filled out immediately and filed by the author. The resulting birth is described on the

birth record. The corresponding service and birth records are connected in the office.

MAINE AGRICULTURAL EXPERIMENT STATION, ORONO, MAINE
This Information Will Be Held Strictly Confidential

This blank should be filled out immediately after the service is completed, and

mailed in an addressed envelope furnished you, to the Agricultural Experiment

Station, Orono, Maine.
SERVICE record

Date. Hour of service This record made by

BULL used. Breed.
(Name.)

Is the btill registered? If so, give reg. No.
Owner of bull—Name. Address.
Age of bull. No. of coverings at this service.

COW served. Breed.
(Name.)

Is this COW registered? If so, give reg. No.

Owner of cow—Name. Address.

Age of cow. When did she calve last?
(Give month, day and year.)

How many times has she been in heat since

calving including this heat?

GIVE THE hour (and DAY) WHEN IT WAS FIRST NOTICED THAT THE COW WAS IN HEAT

BEFORE SHE WAS PUT TO THE BULL THIS TIME

How many hours had the cow been in heat before she was served ?

(Do not write in this space.)

Series. Number.

MAINE AGRICULTURAL EXPERIMENT STATION, ORONO, MAINE
This Information Will Be Held Strictly Confidential.

One of these blanks should be filled out immediately after each calf is bom, even
if it is a premature birth (abortion). Mail to the Agricultural Experiment Sta-

tion, Orono, Maine.
breeder's birth record

Date of birth. Hour of birth. Record made by.

Was the calf male or female ?

(Make especial note of twin births.)

Weight of calf at birth.

Sire of calf. Reg. No.
(Give name and breed.)

Dam of calf. Reg. No.
(Give name and breed.)

How long was the dam dry before calving?

At what hoiur (and day) did labor begin?

Has the dam ever aborted? (If so give particulars)

Note any peculiarity about the birth or the calf which interests you and might

interest others, especially abortions and monstrosities.

(Do not write in this space.)

Sex entered

Duration of gestation days hrs. (20 x )+
Series. Number.
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Table V.

—

Number, sex, and parentage of animals of the crossbred herd

CaU
No. Sex Dropped, Name of sire and reg-

istry No. Breed of sire.
Name of dam and

registry No. Breed of dam.

27.

28.

29.

30.

31.

32.

33.

34.

35-

36.

37.
38.

39-

40.

41.

42.

43-

1914.
Mar. 28

Apr. s

Nov. 22

Dec. 10

1915-

Jan. 20

Jan. 24
Feb. 8

Feb. 13

Mar. 23

Mar. 26

Apr. 7

Apr. 21

Apr. 22

May 4

June 6

Oct. 23

Oct. 27
Nov. 8

1916.
Jan. I

Jan. I

Jan. 10

Jan. 14
Feb. 22

Mar. 9

Mar. 20

Apr. 10
May 5

May 25

June 17

July 19
Aug. 29

Sept. II

Sept. 25

Oct. 9

Oct. 17

Nov. 10

Dec. IS

1917.
Jan. 5

Jan. 13

Jan. 28

Feb. 9

Feb. 9

Mar. 2s

Apr. 30

I«akeland's Poet
(102603).
do

Jersey.

do.

Delva's University
De Kol (133910).

Johanna Lad Manor
De Kol (41913)-

Taurus Creamelle
Hengerveld (98482).

Kayan (167617)
Taurus CreameUe
Hengerveld (98482).

Kayan (167617)
do

Holstein-Friesian.

....do

.do.

Aberdeen-Angus

.

Holstein-Friesian

Aberdeen-Angus

.

do

.do.

.do.

Lakeland's Poet
(102603).

Taurus Creamelle
Hengerveld (98482).

Columbia's Fox
(126386).

Taurus Creamelle
Hengerveld (98482).

Lakeland's Poet
(102603).

Kayan (167617)
do

do

do

Jersey

Holstein-Friesian

Jersey

Holstein-Friesian

Jersey

Aberdeen-Angus

.

....do

.do.

.do.

Taurus Creamelle
Hengerveld (98482).

Kayan (167617)
do

....do

...do
Holstein-Friesian

Aberdeen-Angus

.

....do

Taurus Creamelle
Hengerveld (98482).

Kayan (167617)

Fi Crossbred (o)

.

Kayan (167617)...

Holstein-Friesian

Aberdeen-Angus

.

Jersey X Holstein
Aberdeen-Angus

.

Lakeland's Poet
(102603).

Kayan (167617)

.do.

Taurus Creamelle
Hengerveld (98482).

Lakeland's Poet
(102603).

Kayan (167617)

Jersey

Aberdeen-Angus .

.

....do
Holstein-Friesian

Lady Primrose's
Governor of the
Fountain (18328).

Fi Crossbred (o)

Taurus Creamelle
Hengerveld (98482).

Kayan (167617)

Jersey

Aberdeen-Angus

.

Guernsey

Jersey XHolstein

.

Holstein-Friesian

Aberdeen-Angus

.

....do
Fi Crossbred (10).

Kayan (167617).

do

....do

Crossbred o

....do

....do
Angus X Guernsey

.

Aberdeen-Angus .

.

....do

....do

Delva Johanna De
Kol (146774).

P u a 1 i n e Posch
(81048).

Canada's Creusa
(44386).

Flora's Golden
Poetess (264927).

Rosalie (4887)

Dot Alaska (29353).
Maple Grove Netta

(29307-)
Ruth 8th (4457) ....

College Creusa
(25661).

Pauline Posch
(81048).

Creusa of Orono 3d
(34228).

Delva Johanna De
Kol (146774).

College Gem (40037)

E V e n t i m e 4th
(155526).

Flying Fox's Flora
(274051).

Hearthbloom
(147141).

College Ruth (4895)
Rue Victoria (273096)

Ruth 8th (4457)
do

Maple Grove Netta
(29307).

Dot Alaska (29353).
College Creusa

(25661).
Columbia Brown

Bessie (148551).
College Creusa 2d

(34227).
Fi Crossbred (i) . . .

.

Creusa of Orono 3d
(34228).

Orono Madge
(192781).

Pauline Posch
(81048).

Creusa's Lady (53234)
Orono Ellen

(192783).
Eventime 4th

(155526).
Canada's Creusa

(44386).
Hearthbloom

(147141).

Jersey - Holstein
Friesian.

....do

Rosalie (4887)
Flying Fox's Flora

(274051).
Orono Netta

(38832).

Dot Alaska (29353). •

College Creusa
(25661).

Rue Victoria
(273096).

College Creusa 2nd
(34227).

College Gem 2nd
(53235)-

Flora's Golden
Poetess (264927).

Crossbred i

Holstein-Friesian.

Do.

Guernsey.

Jersey.

Do.

Ayrshire.
Do.

Jersey (MSJHB).
Guernsey.

Holstein-Friesian.

Guernsey.

Holstein-Friesian.

Guernsey.

Aberdeen-Angus.

Jersey.

Aberdeen-Angus.

Jersey (MSJHB).
Jersey.

Jersey (MSJHB).
Do.

Ayrshire.

Do.
Guernsey.

Jersey.

Guernsey.

Jersey X Holstein.
Guernsey.

Aberdeen-Angus.

Holstein-Friesian.

Guernsey.
Aberdeen-Angus.

Do.

Guernsey.

Aberdeen-Angus.

Jersey (MSJHB).
Jersey.

Ayrshire.

Do.
Guernsey.

Jersey.

Guernsey.

Do.

Jersey.

J e r s e y-Holstein-
Friesian.
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Table V.

—

Number, sex, and parentage of animals of the crossbred herd—Continued.

Cali
No.

Sex
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Table VI.—Relation
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DESCRIPTIONS OF ANIMAI.S IN PARENTAL HERD

Aberdeen-Angus Herd

Male: kayan (167617).—Solid black except for a small amount of white around

rudimentaries. Muzzle black; tongue slate; switch black, with a few gray hairs scat-

tered through it. No horns nor traces of them. Hoofs black, and secretions dark

brown. The head is a good typical Aberdeen-Angus head. Well-rounded low-set

bull, kept in rather low flesh for breeding purposes. Four rudimentaries; milk veins

fairly large and long.

Female: EvEntimE 4TH (155526).—Solid black; muzzle black; tongue slate; switch

black, with a few gray hairs in it. No trace of horns present. Hoofs black; secretions

dark brown. The face is typically Angus. The shoulders, barrel, rump, fore and

hind quarters are not deeply fleshed and lack the filling typical of Angus. In short,

the cow has some traces of the dairy type; at the same time she has the deep, blocky

body characteristic of the beef breed. Four fair teats and two rudimentaries. Fair-

sized milk veins and wells. Udder large for such a low-milking breed (PI. i. A).

Female: hearthbloom (147 141).—Solid black except for a few white hairs be-

tween the fore teats. Muzzle black; tongue black. Switch black, with a few gray

hairs in it. No trace of horns or scurs. Hoofs black; secretions dark brown. Typical

Aberdeen-Angus in shoulders, head, barrel, and fore and hind quarters of an animal

in breeding condition. Four well-placed teats, udder of small capacity. Milk veins

and wells small. A typical beef cow having none of the dairy points developed to any

extent (PI. i, B).

Female: orono madgE (192781).—Black except for a small white area on the

teats. Muzzle and tongue black; switch black, with a few gray hairs in it. Horns

entirely absent. Hoofs black; secretions dark brown. Face rather lacking somewhat

in the Aberdeen-Angus type. It is rather too thin. Body lacks filling in chine and

over the withers. Four teats and one rudimentary. Milk veins and wells are small.

Udder of low capacity.

Female: orono Ellen (192783).—Solid black except for a few white hairs on

hind quarters of udder. Muzzle black; tongue black; switch black. No trace of

horns; hoofs black. Secretions dark brown. A typical Aberdeen-Angus cow in low

flesh. Four teats and one rudimentary on right side between the fore and hind teats.

Udder of low capacity and meaty in texture.

Ayrshire Herd

Female: dot alaska (29353).—Red, white, and black; black confined to outside

of nostrils. Majority of the body is dark red. Spotting irregular in area, occurring on
the shoulders, brisket, belly, flank, rump, and base of tail. Practically all of the white

areas are flecked with the red islands. Muzzle black; tongue white; switch red and
black, mixed with some gray. Horns are not at all "typy" of the Ayrshire, as they

are too thin and not thrown upward sufficiently. Hoofs black; secretions orange.

Face has too much dish and the body is too short and too low to the groimd for the

good type of Ayrshire animal. Udder rather small and only of fair shape. Milk veins

and wells of medium length and size. The animal is much too small and light, even
for the New England type, the type she most resembles.

Female: orono netta (38832).—Red and white; large broad star. Shoulders and
brisket and front part of fore and hind legs white. The barrel and rump are white-

spotted, each spot containing large irregular islands. Muzzle black; tongue black.

White, heavy horns, pretty well up. Hoofs black; secretions small in amount and
yellow. Dark-red nose, with a few gray hairs scattered through it. Rump not quite

as level as would be expected of an animal typical of the breed. Hind quarters some-

what heavy. Udder small , especially in the fore quarters. Milk veinsand wells small.

Four well-placed teats (PI. i, C).
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Female: maple grove netta (29307).—Color red and white. Much resembling

the spotting of her daughter, Orono Netta. Muzzle black; horns heavy; black-tipped

and thrown forward and up, as would be characteristic of the Ayrshire. Udder good-

sized and well shaped. Well carried out in fore quarters. General type is that of the

New England Ayrshire.

Guernsey Herd

Male: lady primrose's governor of the fountain (18328).—Color a light

yellow and white. White confined chiefly to the shoulders, legs, and belly. Muzzle
is flesh-colored. Switch white. Horns coming out at right angles to head and curving

slightly forward. Good Guernsey form both in head and in fore and hind quarters.

Four well-developed rudimentaries (PI. 2, A).

Female: college gem (40037).—Color orange and white. White on belly, fore

and hind legs chiefly. Tongue white; few white hairs on face; muzzle smutty;

switch white. Horns large, thrown forward, up and back, black tipped. Hoofs white;

secretions orange. General appearance is hea%'y for a dairy cow. Face a little short;

body short; withers thick, well-developed; broad girth; rump fairly short; tail set

high; twist well-filled. Udder small and poorly shaped. Veins and wells fairly large.

Female: college gem 2Nd (53235).—Color: Orange and white. White star on fore-

head. Two white spots on left shoulder. Belly white; short white stocking on left

foreleg, extending as long white area along front of leg to brisket.

Hind legs are white below the knee. Muzzle white; tongue white; switch white.

Horns long and slender, thrown up and back. Hoofs white; secretions orange, large

in amount. The animal exhibits a fair Guernsey type, although rather light in body
weight and heavy in shoulders. Udder of fair shape; teats rather well placed;

medium-sized milk veins and wells.

Female: college creusa (25661).—Color orange and white, white star on fore-

head. Muzzle has a grayish area around it. Broad band of white extending across

the shoulder and connecting with the white belly. Forelegs, brisket, and udder

white. Broad band of white across the rump including the exterior end of the chime

and running down on forelegs as far as the hoof. Muzzle white, with a few black spots

on it. Tongue white; switch white. Horns heavy, thrown up and back. Hoofs

white; secretions orange. The general type is that of a fair Guernsey. Udder is

good size, although rather poor in shape. Milk veins and wells good size.

Female: college creusa 2Nd (34227).—Color orange and white. Large white

star. Udder white, broad band extending over rump to fore sides of white hindlegs;

hindlegs are clear white to knee. Muzzle white; tongue white; switch white.

Horns long, thin, thrown upward and curved forward and in. Hoofs white; secre-

tions orange, large in amount. Nose narrow, strong, good dish and veins. General

type is that of a fair Guernsey. Udder rather small, pendant, and poorly shaped.

Medium-sized veins and wells.

Female: creusa 's lady (53234).—Color yellow and white. Star, white spot on

both shoulders, extending over withers. Belly white; forelegs white on the inside;

short stockings. White spot on left side of barrel. Rump and tail set white. Irreg-

ular white lines in front of hindlegs, extending do\vn into clear white area below the

knee. Muzzle, tongue, and switch white. Horns throwTi forward and up. Hoofs

white; secretions orange. Animal is rather light in weight and withers are a trifle

heavy for a typical Guernsey animal. Milk veins lead to rather good wells (PI. 2, B).

Holstein-Friesian Herd

Male: Johanna lad manor de kol (41913).—Color black and white. Star.

Broad band of white just back of the shoulders, extending around the body. Fore-

legs white, tail set white, hindlegs white, the white extending as irregular area up-

wards to the flank. Muzzle black, switch white. Horns large and thick, coming
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out at right angles from head. Good Holstein-Friesian type; if anything the head

has too much of the aquiline and perhaps might be considered chunky. Neck and

shoulders are heavy. Crest is large. Rump well rounded. Throughout, the bull

gives the appearance of a strong, masculine development.

Male: Taurus crEamellE hengeveld (98482).—Color black and white. White

on face, shoulders, and belly. Stockings on fore and hind feet. Muzzle black;

tongue and switch white. Large straight horns come out at right angles from head.

Hoofs white, with black streaks in front; secretions dark brown. Four well-placed

rudimentaries. Veins long, leading to good-sized wells. In the white areas the

skin may be seen to be spotted with black. All in all the bull is a good large type

of Holstein-Friesian (PI. 2, C).

Female: Pauline posch (81048).—Color black and white. Broad white blaze.

Throat white. Forelegs white. Broad band of white on both shoulders and over

withers. Brisket and belly white. Irregular white area running from white hind-

leg over the flank and across white rump to connect on the other side with a white

area coming from the other hindleg. Muzzle black and white. Tongue and switch

white. Honis fairly heavy, curving forward and down. Hoofs black-and-white

streaked; secretions dark bro^\^l. Good Holstein-Friesian type. Udder somewhat

too pendant and lacks filling in the fore quarters. Milk veins tortuous and of good

size. Wells good size.

Female: delva Johanna de kol (146774).^—Color black and white. White

star. Brisket and dewlap white. White forelegs. Belly and udder white. Hind-

legs white, the white areas extending irregularly onto the flank. Muzzle black.

Tongue and switch white. Horns fairly heavy, turning forward. Hoofs white;

have a black streak in front part; secretions dark brown. Udder has a tendency to

be somewhat pendant. Veins large and tortuous. Fair-sized wells. The skin

under the white areas can be seen to be black.

Jersey Herd

Male: lakeland's poet (102603).—Color black, brown, and dark fawn. Head
and shoulders dark brown to black, gray at base of horns. Back a dark fawn. Legs

dark fawn. Hair extremely heavy on face. Muzzle black; tongue black, with a

small white spot on tip; switch black. Strong horns turned forward and in. Hoofs

black; secretions yellow. Rump a trifle long. Dewlap rather prominent. Four

rudimentaries fairly well placed. Small milk veins and wells (PI. 3, A).

Male: Columbia's fox (126386).—Color solid except for a small white spot on

right stifle. Tongue black; switch black.

Female: lassie op m. F. (297736).—Color gray-fawn. Black spot on fore-

legs just above hbofs. Hindlegs light gray-fawn . Muzzle and tongue black. Switch

black, with a few gray hairs in it. Horns turned forward and in. Hoofs black; secre-

tions yellow. Face a little long; nose a little narrow. Withers somewhat heavy and

a little too prominent for a perfect Jersey type. Udder of excellent proportions and

of good size. Teats well placed; milk veins on right side branched, on the left side

single (PI. 3, B).

Female: rosaliE msjhb (4887).—Color a light cream and black. Black on

front side of face, forelegs, and hind quarters. Muzzle black; tongue black; switch

black. Horns black and white, rather light, thrown forward and up; hoofs black;

secretions yellow. The animal is not at all a good Jersey type because of the heavy

withers, pronounced dewlap and barrel showing little tendency to the typical V-

shape. Udder is rather small; teats small; milk vein on right side long, left side

short and small.

Female: ruth 8th msjhb (4457).—Color solid orange. Muzzle black; tongue

black ; switch black. Horns fine , white tips. Hoofs black ; secretions yellow. Face is

overrefined. Dewlap and brisket too much in evidence. Vertebra wide apart.
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Barrel medium-sized. Long level rump; fine clean bones. Cow in extremely poor

condition. Udder rather good size, pendant; teats large and long; milk veins short

and of fair size.

Female: college ruth msjhb (4895).—Solid color, yellow fawn, varying in

shades. Dark on face, neck, and back. Light on nose, belly, and legs. Muzzle

black; tongue white, background covered with small black spots; switch black. Horn
slendor, turning forward and up, white base, black-tipped. Hoofs black; secretions

yellow. Udder small, deeply cut between quarters. Small teats; good-sized veins,

rather long and leading to good-sized wells.

Female: rue victoria (273096).—Color solid, a general light cream. Muzzle

black; tongue black; switch black. Horns heavy, turning forward and in. Hoofs

black; secretions yellow. Face and neck are fair type. Shoulders heavy; brisket

of good size. Barrel short; rump long and level. Udder rather small; teats well

placed; milk veins good-sized and tortuous.

Female: flying fox's flora (274051).—Solid color. Muzzle black; tongue

black; switch black. Horns black-tipped, turn forward and in. Secretions yellow.

Udder good size with well-balanced quarters. Teats well placed.

Female: Columbia's brown bessie (148551).—Solid color. Muzzle black;

tongue black; switch black. Horns turn forward and down. Udder pendent, hind

quarters good; fore quarters rather poor. This may not be the natiual condition, as

the animal is quite old.

Female: flora's golden poetess (264927).—Solid color, dark gray-fawn. Face

and front part of forelegs dark. Muzzle black; tongue black; switch brown. Horns

fair-sized, curving forward and in; white at base and black-tipped. Hoofs black;

secretions yellow. Udder capacious, somewhat cut between quarters. Good-sized,

tortuous veins, rather short. On the whole an excellent typical Jersey animal.

INDIVIDUAL DESCRIPTIONS OF THE CROSSBRED HERD

Crossbred o: Lakeland's Poet (102603) X Delva Johanna De Kol (146774)

—

Jersey X Holstein-Friesian.

Male: Black, small amount of white; white spot on left front; elbow joint; white on

brisket; small area in inguinal region. Muzzle and switch black; tongue black, with

white spot in the middle of it. General type is that of the Holstein-Friesian. Horns

heavy, coming straight out from head (Holstein-Friesian type). Four rudimentaries,

one supernumerary placed on the scrotum.

Crossbred i: Lakeland's Poet (102603) X Pauline Posch (81048)—Jersey X
Holstein-Friesian.

Female: Black and white. No white on face; white spots on left side of brisket,

extending as white streaks under forelegs; white spots flecked with black on left flank,

irregular white areas on right side of udder. Muzzle black and white; switch black;

interspersed with a few white hairs. Horns have white base, black tips, of medium

weight, curving forward and in. Hoofs black; secretions light bro^\-n. General type

that of a Holstein-Friesian X Jersey intermediate. The face and horns give more the

impression of the Holstein-Friesian, for there is no dish in the face, and the body lacks

the wedge shape of the Jersey. The lack of fleshing and small size of barrel show the

Jersey influence. Udder pendent, with four poorly placed teats. Milk veins and

wells rather small. Rather a low milker with a fair percentage of butter fat. Has a

quiet dairy temperament.

Crossbred 2: Delva 's University De Kol (133910) X Canada's Creusa (44386)—

Holstein-Friesian X Guernsey.

Female. Black and white. Practically all black areas have some red on the base

of the hair. Wliite strip on face ; white spot on shoulder connected on left side with a

white belly, which extends as far forward as the end of the brisket. Forelegs white;
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teats and udder white; white on hind legs, extending as an irregular area onto the

flank. Tail about half white. Muzzle black, with white spot in the middle of it.

Tongue white; swdtch white; horns white at base, black tips, turn upward and in.

Hoofs white; secretions slight and dark brown. In general, tlie body type is that of

aHolstein-Friesian. Udderof good size, but poor in shape ; lacks filling in fore quarters,

tending to be somewhat pendent. Foiu teats, one supernumerary on left side near

the fore teat. Milk veins and wells of good size. Milk production rather large in

quantity, but low in percentage of fat.

Crossbred 3: Johanna Lad Manor De Kol (41913) X Flora's Golden Poetess

(264927)—Holstein-Friesian X Jersey.

Male. Black and white; white not distinctly separated from the black areas and

small in the total amount. White on brisket; white spot on belly; right flank has

three white spots; small white spot at base of switch. Muzzle light slate. Tongue

is white with two small patches of black on left side and tip. Switch mixed black

and white, black predominating. Horns those of the Holstein-Friesian, short, and

curving in and upward. The type is intermediate between the Holstein-Friesian

and the Jersey. In general the animal is too light for a Holstein-Friesian of the same

age. Shoulders are heavy, fairly deep. Barrel is of medium size; rump long and

level. Rudimentaries four and well placed.

Crossbred 4: Taurus Creamelle Hengerveld (98482) X Rosalie MSJHB (4457)

—

Holstein-Friesian X Jersey.

Male. Solid black, muzzle slate color, tongue a clay-blue, switch black. Horns

of medium length, curving slightly forward. Type that of an intermediate, but

giving more the impression of the Jersey than the Holstein-Friesian. This impression

may be due to the evident quality and refinement which the animal exhibits. The

size of bone is greater than that which may be expected of a Jersey bull of the same

age, showing that, even in the question of quality, the Holstein-Friesian has had

some influence. Four rudimentaries fairly well placed.

Crossbred 5: Kayan (167617) X Dot Alaska (29353)—Aberdeen-Angus X Ayr-

shire.

Male. Solid black except for a few white hairs on scrotum. Muzzle light slate.

Tongue and switch black. Prominent scurs. Type in general that of the Aberdeen-

Angus, although in the lateral view of the head, the straight nose, and large refined

nostrils exhibit the Ayrshire character distinctly. Rudimentaries four and well

placed.

Crossbred 6: Taurus Creamelle Hengerveld (98482) X Maple Grove Netta (29304)

—

Holstein-Friesian X Ayrshire.

Male. Black and white, the area of the white large in proportion to the black.

Each white area has many black islands in it. The forehead has broad, V-shaped

white star on it. Muzzle has a white sti'ip. The throat is white. Upper part of

forelegs and front of lower part white; white belly, the white extending across the

shoulders. White on both sides of rump. Flanks and one side of hindlegs white.

Muzzle slate-colored. Tongue flesh-colored; switch mostly white, but has some black

in it. Type is that of an Ayrshire. Broad forehead, straight nose, clean-cut lips which

are rather long. Horns large, coming straight out from head, turning slightly up.

Foiu rudimentaries well placed (PI. .3, C).

Crossbred 7: Kayan (167617) X Ruth 8th MSJHB (4457)—Aberdeen-Angus X
Jersey.

Male. Solid black except for a white spot in the inguinal region. Muzzle medium

slate; tongue pale clay-blue; switch black. No horns or scurs visible, although there

are slight prominences under the hair. In general the type is that of an intermediate.

From the front view the breadth and dish of the forehead, blockiness of shoulders and

fore quarters, and the depth of barrel indicate the Aberdeen-Angus. In the side view

the head is that of the Jersey, as it shows much dish. The hind quarters are too light
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and thin for the Angus, and the whole body exhibits more the dairy type than the

type of the beef animal. Rudimentaries four and well placed.

Crossbred 8: Kayan (167617) X College Creusa (25661)—Aberdeen-Angus X
Guernsey.

Male. Solid color of a dark red-brown hue. Muzzle is brownish and smoky. Tongue
a light slate. No horns or sciu-s present.

Crossbred 9: Kayan (167617) X Pauline Posch (81048)—Aberdeen Angus X Hol-

stein-Friesian.

Male. Black and white. White extends from the region of the navel to the inguinal

region as a narrow band. Muzzle and tongue black. Switch black, with a few white

hairs scattered through it. Small loose scurs. Hoofs black; secretions brown. The
head and fore quarters have a pronounced beef type. The hind quarters are not so

heavily fleshed as one would expect from a beef animal of the same age. Rudi-

mentaries four and well placed. Milk wells small; veins about 2 feet in length and

of f-iir size (PI. 4, A).

Crossbred 10: Kayan (167617) X Creusa of Orono 3d (34228)—Aberden-Angus X
Guernsey.

Male. Brownish black except for a little white in front of scrotum. Muzzle and

tongue light slate; switch black. No horns. The type is that of the Aberdeen-Angus,

although it is much refined. The quarters lack something of the filling of the Aber-

deen-Angus bull. Rudimentaries four, one small supernumerary placed in back of

the hind rudimentaries about midway between them.

Crossbred ii: Lakeland's Poet (102603) X Delva Johanna De Kol (146774)

—

Jersey X Holstein-Friesian.

Female. Black and white; small star in middle of forehead. Lower part of brisket

white, extending onto upper part of foreleg. There is a spot on the left foreleg and

one on the right foreleg just above the knee. Upper part of belly has irregular white

spots. Right side of udder white, left side of udder has the middle portion white and

back part black. White spot on right flank. Lower part of tail above switch spotted

with white. Little spot of white above ankle on each hind hoof. Muzzle slate;

tongue white; switch white and black about equally mixed. Horns 7 inches, sharp,

black tips, curving forward and in. Hoofs black; secretions a dark brown. The
general type of body is that of a rather light Holstein-Friesian. In the side view of

the face the thin nose and dish show clearly the Jersey influence. Four teats, one

small supernumerary placed well up on middle of hind quarters (PI. 4, B).

Crossbred 12: Taurus Creamelle Hengerveld (98482) X College Gem (40037)

—

Holstein-Friesian X Guernsey.

Female. Black, white, and gray-fawn. White on both forelegs and stockings

extending to humerus. Belly has broad strip of white extending from between the

forelegs as far back as the hind quarters of the udder. Hindlegs have stockings of a

gray-fawn which extend as a regular line on right front side to the white on the belly.

Muzzle black; tongue white; switch white; horns curved forward and slightly upward,

with black tips. Hoofs black-and-white streaked; secretions orange. The type is

essentially Holstein-Friesian in appearance, although the thinness of the face and

the extremely heavy shoulders and high tail set show plainly the inHuence of Guernsey

mother. The udder is of medium size, td?its four and fairly well placed. Quality fair.

Crossbred 13: Columbia's Fox (126386) X Eventime 4th (55526)—Jersey X Aber-

deen-Angus.

Male. Black, with a small amount of white on underside of throat and in the

inguinal region. Muzzle slate; tongue light clay-blue; switch black. Fair-sized

scurs. The breadth and height of forehead and heavy shoulders indicate the Aber-

deen-Angus. The thin, narrow nose, low heart girth and lack of body depth, hair,

and evident quality resemble the Jersey. However, the evident roundness of build,
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and deepness of fleshing make the general type too much that of a beef animal to favor

the Jersey. Four well-placed rudimentaries.

Crossbred 14: Taurus Creamelle Hengerveld (98482) X Flying Fox's Flora

(274051)—Holstein-Friesian X Jersey,

Male. Black and white. White between the forelegs extending as irregular

spotting on either side into the inguinal region. Two white spots on right shoulder;

white spot on right hip and right flank. White at base of switch. Muzzle white;

tongue black; switch black-tipped white coverts. Horns white, black-tipped.

Hoofs black; secretions light brown. Intermediate in type between the Holstein-

Friesian and Jersey. Rudimentaries well placed; milk veins and wells small; about

20 inches on either side (PI. 4, C).

Crossbred 15: Lakeland's Poet (102603) X Hearthbloom (147 141)—Jersey X Aber-

deen-Angus.

Female. Solid black. Muzzle black; tongue slate; switch black. Horns slight

stubs just through the skin. Hoofs black; secretions a dark orange bordering on

brown. Head, shoulders, and withers give the appearance of the Aberdeen-Angus

except that they are somewhat reduced in size. The fleshing of the rest of the body

is rather heavy, but not heavy enough for the beef type. In general it may be said

that the barrel, rump, flanks, and twist are of the Jersey type, which is heavily fleshed.

Four well-placed teats; milk veins and wells small. Quality good. The poll of the

head has the peculiar knobbed appearance which is characteristic of the Aberdeen-

Angus (PI. 5, A).

Crossbred 16: Kayan (167617) X College Ruth MSJHB (4895)—Aberdeen-Angus X
Jersey.

Female. Solid black. Muzzle black; tongue slate; switch black. No horns

present, although there are slight loose prominences under the skin. Hoofs black;

secretions dark brown. The face is intermediate in type between the Jersey and

Aberdeen-Angus. In the front view of the face the great breadth of forehead and nose

of the Aberdeen-Angus are not seen. In the side view the face lacks the dish of the

Jersey. The general type is intermediate between the two breeds, the fore quarters

favoring the beef type, the barrel, rump, and hind quarters generally indicating the

Jersey type, which has a considerable amount of flesh on it. Teats four, fairly well

placed.

Crossbred 17: Kayan (167617) X Rue Victoria (273096)—Aberdeen-Angus X
Jersey.

Male, Black, except for a small amount of white in front of the inguinal region.

Muzzle black; tongue black; switch black. Loose scurs about i inch in length.

Hoofs black; secretions brown. Head, shoulders, and mthers resemble those of a

light Aberdeen-Angus bull. The depth and length of body and rump show the char-

acteristics of a Jersey quite heavily fleshed. Loin has more breadth and filling than

would be expected of a Jersey of the same age. Milk veins about 14 inches on each

side. Rudimentaries four and fairly well placed. Quality fair.

Crossbred 18: Kayan (167617) X Ruth 8th MSJHB (4457)—Aberdeen-Angus X
Jersey.

Male. Twin to No. 19. Black in color. Died when only a day old.

Crossbred 19: Kayan (167617) X Ruth kh MSJHB (4457)—Aberdeen-Angus X
Jersey.

Female. Twin to No. 18. Solid black. Muzzle, tongue, and switch black. No

horns, although slight, loose concrescences can be felt tlirough the skin. Hoofs black

;

secretions brown. Face, shoulders, and fore quarters resemble the Aberdeen-Angus.

Hind quarters are those of the Jersey in very high condition. Hair rather coarse in

quality like that of its father. Four well-placed teats; milk veins small but long,

leading to four wells (PI. 5, B).
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Crossbred 20: Taurus Creamelle Hengerveld (98482) X Maple Grove Netta (29304)

—

Holstein-Friesian X Ayrshire.

Male. Black and white. Broad white star on forehead. Throcit white; white
band extending across shoulders onto belly on the left side. White spot on right

shoulder. White on dewlap and brisket. Front side of forelegs white; back black-

and-white spotted. Belly black and white, white extending as an irregular band to

the region of escutcheon. Spot on right flank; irregular white area extending down
onto left leg from tail. Hindlegs white on front side; backside black. Line of

demarcation between white and black irregular. Muzzle black; tongue white;

switch white. Horns large, rather thick at base, extending upward and in, as a
characteristic of the Ayrshire type. The general type of body is that of an interme-

diate, tending more toward the typical Scottish Ayrshire build. However, the

thickness of the shoulders and the depth of fleshing show the Holstein-Friesian blood.

Four rudimentaries and two supernumeraries placed near left hind rudimentary.

Crossbred 21: Kayan (167617) X Dot Alaska (29353)—Aberdeen-Angus X Ayr-

shire.

Male. Black except for a very small area of white in the inguinal region. Muzzle

dark slate; tongue black-tipped, with a small spot of black on right side; otherwise

white. Switch black. Horns large and quite solidly attached. The face and body
generally are those of the Aberdeen-Angus, although the horns and V-shaped appear-

ance of the head show the stamp of the Ayrshire. Fore quarters are distinctly Aber-

deen-Angus, hind quarters are a trifle high in twist, and perhaps a little light for this

breed. Four large, prominent rudimentaries well placed (PI. 6, B).

Crossbred 22: Kayan (i676i7)XCollege Creusa (25661)—Aberdeen-Angus

X

Guernsey.

Female. Black and white; white streak on belly and around udder. Muzzle

black. Tongue slate; switch black. Horns are entirely absent. Hoofs black;

secretions brown. The face tends more to the Guernsey than to the Aberdeen-Angus

type, except that the horns are lacking. Withers and brisket heavy, barrel well

rounded, poorly fleshed for the Aberdeen-Angus. On the whole, the general appear-

ance is more that of a Guernsey, which is very low set, than it is that of the Aberdeen-

Angus. Teats four, well placed; milk veins and wells small. Veins are too fine for

them to be felt through the thick coat.

Crossbred 23: Taiuns Creamelle Hengerveld (98482)X Columbia Brown Bessie

(14855 1)—Holstein-FriesanXJersey.

Male. Black and white. White spot on forehead; white on brisket; white in

inguinal region; and white stockings on hind feet. Muzzle black; tongue white,

with a small black spot on tip of it. Switch white. Horns well developed, ctu^ing

forward and slightly up. The general type is that of an intermediate, favoring the

Jersey in the side view of the head and light-fleshed hind quarters. The shoulders

and withers are those of the beef breed, although not carrying quite as much fleshing.

Rudimentaries four and well placed (PI. 5, C).

Crossbred 24: Kayan (i676i7)XCollege Creusa 2nd (34227)—Aberdeen-Angus

X

Guernsey.

Male. Black, except for white shield in inguinal region. Muzzle dark slate;

tongue dark slate; switch black. Horns small and easily movable, showing that

they are not attached to the bone of the head. The contour of tlie face is interme-

diate, but favors that of the Aberdeen-Angus. The body is more Guernsey tlian

Aberdeen-Angus in type, although the heavy fleshing of tlie fore quarters and shoul-

ders and rather deep flesh of the hind quarters show the beef type. The rudimen-

taries are foiu", the two front ones being quite small. All four are rather well placed.

Crossbred 25: Crossbred oXCrossbred i—^Jersey - Holstein - Friesian X Jersey-

Holstein-Friesian.

78773°—18 2
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Female. Color black and white. Broad white star on forehead; white at throat,

irregular broad white band extends over withers from the right side and connects

with the belly on the left side. Brisket white; left foreleg has white stocking, and

the other side is white. Belly white as far as the escutcheon. Hindlegs white.

Irregular white spot including the rump and tail base. The lower extremity of the

tail white. Muzzle black; tongue flesh-colored; switch white. Horns curved

forward and in, rather light, and about 5 inches long. Hoofs black; secretions

brown. The animal is, on the whole, rather small for her age. She exhibits the

Holstein-Friesian type in the face when viewed from front or side. Shoulders and

chest rather heavy and deep. Four fair-sized, well-placed teats.

Crossbred 26: Kayan (i676i7)XCreusa of Orono 3d (34228)—Aberdeen-Angus

X

Guernsey.

Female. Color solid black, except for a small white area around the teats. Muz-

zle black; tongue slate; switch black. No horns nor scurs present. Hoofs black;

secretions yellow. In general, the face and shoulders favor the Aberdeen-Angus

type. The barrel and hind quarters, which are quite heavily fleshed, show plainly

the Guernsey character. The back is somewhat swayed, like the back of the Guern-

sey mother. Teats medium-sized, not especially well placed.

Crossbred 27: Lakeland's Poet (102603)X Orono Madge (192781—^JerseyXAber-

deen-Angus.

Female. Black, with a small amount of white around the teats. Muzzle black;

tongue slate; switch black. No trace of horns nor scurs present. Hoofs black;

secretions yellow. The type of the face is intermediate, although rather favoring

the Jersey, even while it still retains some of the breadth and lacks the dish char-

acteristic of this breed. Shoulders are heavy and deeply fleshed. Barrel and rump
give the appearance of a Jersey animal in high condition. Back is considerably

swayed, this characteristic coming probably from the Jersey father. Teats four, of

medium size, and rather well placed.

Crossbred 28: Kayan (i676i7)XPauline Posch (81048)—Aberdeen-Angus

X

Holstein-Friesian

.

Male. Black, except for a small white spot on sheath and scrotum. Very little

white area on right hind leg. Muzzle black; tongue black on distal half, proximal

half white; switch white. The horns are represented by small scurs shown not to be

attached to the bone of the head, since they are movable. Face and fore quarters

show the Aberdeen-Angus characters plainly. Hind quarters are intermediate, but

favor the Holstein-Friesian, as the animal stands too high on its feet and is too highly

cut up in the twist for a good Aberdeen-Angus. Four rudimentaries are present,

the front ones being ^ inch long.

Crossbred 29: Kayan (167617) X Creusa's Lady (53234)—Aberdeen-Angus X
Guernsey.

Female. Black, brown, and white. Brown ring around eyes and on inside of fore

and hind leg. White line along underside of belly. Muzzle white; tongue slate in

distal, flesh color in proximal portion; black switch. No horns present. Hoofs black;

secretions brown. Head narrow and thin, long for the Aberdeen-Angus; only a slight

dish. The shoulders are rather heavy tending more toward the beef form than toward

the dairy type. Body and hind quarters resemble the Guernsey. Four teats fairly

well placed.

Crossbred 30: Taurus Creamelle Hengerveld (98482) X Orono Ellen (192783)

—

Holstein-Friesian X Aberdeen-Angus.

Male. Black and white. White extending as a line on the belly as far as the

brisket. Coronets of both hind feet white. Muzzle black; tongue black; switch black

and white, black predominating. Loose scurs about i inch in length. Hind hoofs

white ; front hoofs black ; secretions light brown. Lower part of the face resembles the

Holstein-Friesian; upper part has the character of an Aberdeen-Angus. The type of
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the rest of the body is that of an intermediate, resembling the Aberdeen-Angus in the
increased amount of flesh carried by the animal. Four rudimentaries fairly well

placed. Animal shows a good deal of quality.

Crossbred 31: Lakeland's Poet (102603) X Eventime 4th (155526).

Male. vSolid black. Muzzle black; tongue black; switch black. Horns are loose.

Hoofs black; secretions considerable in amount and a dark orange. Face is rather

long, narrow, and more on the order of the Jersey than the Aberdeen-Angus. Shoul-

ders rather heavily fleshed. Four fairly well placed rudimentaries. Mammary vein
small. Quality is rather good.

Crossbred 32: Kayan (167617) X Canada's Creusa (44386)—Aberdeen-Angus X
Guernsey.

Male. Black except for a small area of white around rudimentaries. Muzzle
black; tongue black; switch black. Horns of good length and solid. Hoofs black;

secretions light brown. The head and shoulders are essentially those of an Aberdeen-
Angus thinly fleshed. The rest of the body indicates the type of a Guernsey bull

of about the same age. Rudimentaries rather small, placed close together.

Crossbred 7,7,: Lady Primrose Governor of the Fountain (18328) X Hearthbloom

(147 141)—Guernsey X Aberdeen-Angus.

Female. Solid brownish black. Muzzle slate; tongue a light slate; switch black.

The front view of the face resembles the Aberdeen-Angus with the exception of having

a rather small muzzle. The side view shows the influence of the Guernsey. On the

whole the animal is much too blocky of form to resemble a typical Guernsey, and all

in all resembles the paternal side rather than the maternal in its shape of body.

Crossbred 34: Crossbred o X Rosalie MSJHB (4887)—Jersey - Holstein-Friesian

X Jersey.

Female. Red and black. Light fawn on underside of throat. Neck gives a dark-

red appearance, owing to the under hair being a red and the outer hair nearly black.

Barrel has a dark reddish tinge, black on front side of foreleg and red on the back side.

Hindlegs a red-fawn. Muzzle black; tongue black; switch black with a few hairs in

it. Horns of a medium length. Hoofs black; secretions orange. The head and body
give the characteristics typical of the Jersey. Four well-placed rudimentaries of fair

size.

Crossbred 35: Taimis Creamelle Hengerveld (98482) X Flying Fox's Flora

(274251)—Holstein-Friesian X Jersey.

Male. Black and white. White on belly. Short white stockings on forelegs;

hindlegs have rather long stockings. Muzzle black; tongue white; switch white.

Horns rather long, solidly attached. Hoofs white; secretions a light browTi. The
face is that of a Jersey somewhat shortened and increased in breadth. Barrel and
hind limbs are Jersey except that withers are rather heavy. Four rudimentaries.

Crossbred 36: Kayan (167617) X Orono Netta (38832)—Aberdeen - Angus X Ayr-

shire.

Male. Solid black. Muzzle black, tongue slate. The type is that of an inter-

mediate throughout. The shoulders and body are rather more thick-set and blocky

than would be expected of the Ayrshire and a little too rangy for the Aberdeen-

Angus.

Crossbred 37: Kayan (i676i7)XDot Alaska (29353)—Aberdeen-AngusX Ayrshire.

Female. Black and white, the white occurring as a white irregular patch around

the teats. Muzzle black; tongue black; switch black. No trace of horns. Hoofs

black; secretions dark brown. Face is an intermediate between the Ayrshire and

Angus, leaning more toward the Aberdeen-Angus type. Body distinctly Ayrshire

except for the shoulders, which are much too heavy for that breed. Teats good size,

fairly well placed. Udder of good size, quality fair.

Crossbred 38: Crossbred 10 X College Creusa (25661)—Aberdeen-Angus-Guernsey

X Guernsey.
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Male. Solid color, a dark shade of orange, a little light on fore- and hindlegs. Muz-

zle is badly smutted with black; tongue is cream-colored; switch red. Secretions

a light orange. Face is that of a Guernsey except for the fact that it is rather short

and broad. Has some dish. Shoulders are a trifle heavy, but aside from that the ani-

mal tends toward the type which would be expected of a Guernsey bull of the same

age. Rudimentaries small, fairly evenly placed (PI. 6, A).

Crossbred 39: Kayan (i676i7)XRue Victoria (273097)—Aberdeen-AngusXJersey.

Male. Solid black. Muzzle black; tongue slate; switch black. Scurs are short

and loose. Hoofs black; secretions brown. The face is plainly that of the Aber-

deen-Angus, and the general type of body is intermediate between the two breeds.

Fotir well-placed, good-sized rudimentaries.

Crossbred 40: Kayan (157617) X College Creusa 2nd (34227) — Aberdeen-Angus

X Guernsey.

—

Male. Black and white, white limited to a small area around the rudimentaries.

Muzzle black; tongue slate; switch black. Horns consist of small stubs just through

the skin. Hoofs black; secretions brown. The forehead and shoulders are more

those of the Aberdeen-Angus than those of the Guernsey. A thin muzzle and rather

lighter fleshing of the rest of the body give the appearance of a beef and milk animal

rather than that of either the beef or dairy type. Rudimentaries four, about equal

distance apart.

Crossbred 41: Kayan (167617) X College Gem 2nd (53235) — Aberdeen-Angus X
Guernsey.

Female. Solid brownish black. Muzzle black; tongue slate; switch black. No
evidence of horns, but it really died too yoimg to determine this point. Face gives a

general appearance of the Guernsey type. Fore quarters, barrel, and hind quarters

intermediate.

Crossbred 42: Crossbred o X Flora's Golden Poetess (264927) — Jersey-Holstein-

FriesianX Jersey

.

Female. General color a dark dun, with no white spots. The dark-colored hair

intimately mingled with a smaller proportion of black hair. Muzzle black; tongue

black; switch black. Horns present. Hoofs black; secretions brown. The gen-

eral build of the face and general body contour tends toward the Jersey type rather

than the Holstein-Friesian.

Crossbred 43 : Crossbred o X Crossbred i — Jersey-Holstein-Friesian X Jersey-

Holstein-Friesian.

Male. Four white spots on the front side of both forelegs. White brisket; irregular

white spots on belly made up of four white streaks on both sides. Muzzle black;

tongue white with a black spot in it toward the base; switch black. Short horns

present and hoofs black. General type of both the body and face is that of a Holstein-

Friesian.

Crossbred 44: Taurus Creamelle Hengerveld (98482) XOrono Madge (192 781)

—

Holstein-FriesianX Aberdeen-Angus.

Female. Solid black. Muzzle black; tongue black; switch black. Very small,

loose scurs present. Hoofs black. The face is narrow and thin, without much dish,

indicating the Holstein-Friesian type. The fore quarters are Aberdeen-Angus. The
body and hind quarters are intermediate, favoring slightly the Aberdeen-Angus type.

Crossbred 45: Kayan (167617) X Pauline Posch (81048) — Aberdeen-Angus X
Holstein-Friesian.

Female. Black, with a small white streak on the belly. Muzzle black; tongue,

distal portion black, proximal white; switch black. Hoofs black. General type is

that of an intermediate, with the face and fore quarters favoring more the Aberdeen-

Angus.

Crossbred 46: Taurus Creamelle Hengerveld (98482) X Lassie of M. F. (297736)

—

Holstein-Friesian X Jersey.
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Female. Black and white. White belly to brisket. Short white stockings.
Lower part of tail white. Muzzle black ; tongue slate in the distal portions and white
in proximal; switch white. Large horns present. The face is of the extreme Jersey
type, almost a complete reproduction of that of her mother. The rest of the body is

intermediate between the two breeds.

Crossbred 47: Taurus Creamelle Hengerveld (98482) X Hearthbloom (147141)

—

Kolstein-Friesian X Aberdeen-Angus.

Female. Black and white, with small white areas extending the length of the
belly. Muzzle black; tongue black-tipped, white at base; switch white-tipped.
Hoofs black; secretions dark. The general type of the body and face is that of an
Abdereen-Angus.

Crossbred 4S: Crossbred o X Crossbred 11 — Jersey-Holstein-Friesian X Jersey-
Holstein-Friesian.

Male. Black and white. Small star on forehead. Irregular white spot on left

shoulder. Irregular white areas on both fore feet. Small white spot on left hind
ankle. Belly white; muzzle black; tongue white; switch white. Horns present.
Hoofs black. General type is that of a Jersey.

Crossbred 49: Taurus Creamelle Hengerveld (98482) X Crossbred 2 — Holstein-
Friesian X Holstein-Friesian-Guernsey.

Male. Black and white. White under throat and on underside of neck. Fore and
hind legs white; belly white; muzzle white, with four black spots scattered over it;

tongue white; switch white. General appearance is that of a Holstein-Friesian.

Crossbred 50: Taurus Creamelle Hengerveld (98482) X Eventime 4th (155526)

—

Holstein-Friesian X Aberdeen-Angus.

Male. Black and white. Large star. White spot on left shoulder and irregular

white spots on both flanks. Belly white to brisket; muzzle black; tongue slate at tip,

with white in proximal half; switch white. This animal died when it was too young
to determine whether or not horns would be present. Hoofs black in the fore parts

and white behind. The general type is that of an intermediate between the two
breeds.

Crossbred 51: Taurus Creamelle Hengerveld (98482) X Crossbred 12—Holstein-
Friesian X Guemsey-Holstein-Friesian.

Male. Black and white. Medium-sized star. White belly; fore and hind feet

white; muzzle black; tongue white; switch white. Horns present. Hoofs white.
The general type of the body is that of the Holstein-Friesian.

Crossbred 52: Taurus Creamelle Hengerveld (98482) X Orono Ellen (192783)

—

Holstein-Friesian X Aberdeen-Angus.

Female.—Black and white, the white limited to the inguinal region. Muzzle
black; tongue black; switch black. The general type of the face aud fore quarters
is that of the Aberdeen-Angus, the hind quarters resembling the Holstein-Friesian.

Crossbred 53: Taurus Creamelle Hengerveld (98482) X Rosalie MSJHB (4887)—
Holstein-Friesian X Jersey.

Male. Solid black. Muzzle black; tongue black, with a small white spot near
its base; switch black. Horns present. The general appearance of the face and
body is that of the Jersey type.

SPECIFIC PROBLEMS FOR ANALYSIS

These data just presented offer perhaps the most accurate scientific

material on first-generation crosses that exists for the study of many
vexing questions on inheritance in cattle. 'Their collection is the result

of a carefully planned series of experiments both to test the result of

other investigations and to bring forth new data on the subject. The
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descriptions of the crossbreds and their parents furnish the material for

the objects for our preliminary study

—

(i) To determine the inheritance of the following color characters:

Body colors oi the dairy cattle, red, white, yellow, fawn (in its various

shades), and black; the white markings, muzzle and tongue pigment,

and switch color.

(2) To determine the mode of inheritance of the polled character.

(3) To determine the inheritance of the body and breed type in the

first generation.

(4) To determine whether quantity and quality of milk are characters

which exhibit dominance and segregation.

EXPERIMENTAL RESULTS

INHERITANCE OF COLOR CHARACTERS

Body Color

The summary of the data for the individual description is tabulated

as follows: The offspring of a given bull are given under the name of

the bull. The description of the mating consists of, first, the description

of the character studied in the given bull and the description of this same

character in the dam. Following these parental descriptions are given

the description and number of a given kind of offspring resulting from

a given mating. This same scheme of tabulation of the results is used

for all characters studied in the paper. The term "solid color" is used

in the following sense: In speaking of the general body color of an

animal it meaps that that animal has no white markings whatsoever.

In speaking of a given part of the animal, as the face, it means that this

part has no white markings, although white may occur in other places

throughout the coat. The term "color" is considered to be the ground

color of the body and not the white spottings. With these lew d ^finitions

made clear the consideration of the data on the behavior of the coat color

in inheritance for our crossbred herd may be taken up (Table VII).

Table VII shows that black body color is dominant to all other colors,

red, brown, and fawn. Two interesting cases of segregation occur. The

deep-orange-coated bull and the dark-fa\\'n heifer are shown to come

from matings of black F^ parents. These cases are too few to base any

definite conclusions as to the mnnber of factors in coat-color inheritance,

but what they do indicate is that there is a particular inheritance and

not a blending one.

These conclusions art in line with the general experiences of those who
have bred black cattle and fawn or red colored animals together.

Spillman {41) showed that the progeny of F^ hybrids of black on red

cattle behaved in Mendelian fashion with red recessive. This conclu-

sion was further emphasized by the crosses made of the Hereford on

Aberdeen-Angus by Boyd {10), in which he showed that this black of
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the Aberdeen-Angus was dominant. The red of the Hereford segre-

gated out in the Fj generation. Further, in his interesting crosses of

bison on domestic cattle, Boyd {10) shows that the bison on almost any
breed produced either black or brindle body color, indicating that here

also the dark body color was dominant.

Early in the study of the inheritance of color in cattle Barrington

ana Pearson (6) collected data to show that red cattle sometimes resulted

from the cross of two black Galloways. This was used by them as an
argument against the Mendelian explanation. It remained for Lloyd-

Jones and Bward {20) on their own data and that of Youatt {59) to

show that this was no anomaly to the Mendelian explanation, but that

it was due to the grade Galloways being heterozygous for this red. In

some crosses of Shorthorns on Galloways they show that in the straight

F2 generation a clean-cut segregation of 20 blacks to 6 reds was obtained.

Table VII.

—

Behavior of the general body color in the parental and first filial genera-
tions of cattle

Sire.

Taurus Creamelle Hen^erveld
Do
Do

Kayan
Do
Do

Lakeland's Poet.

Crossbred o Fj. ..

Do.

Crossbred 10 Fj

Lady Primrose's Governor of

the Fountain.
Delva's University De Kol . .

Johanna Lad Manor De Kol . .

Columbia's Fox

Description of mating.

carrvma

Black X black
Black X fawn
Black X Fi black
fawn.

Black X black
Black X fawn
Black X red
Fawn X black
Fj black carrying fawn X fawn

Fi black carrying fawn X Fi
black carr)ang fawn.

Fi black carrying fawn X fa\m
Fawn X black

Black X fawn.
....do

Fawn X black.

Ofispring.

7 black.

5 black.
2 black.

3 black.

15 black.

4 black.
6 black.
I black, I dark fawn,
some black hair's

present.

3 black.

I deep red-fawn.
I black.

Do.
Do.
Do.

The F2 generation of our crosses contains two very interesting animals

as above mentioned : One, a deep-orange bull, was the result of a back-

crossed black Fj bull carrying the Guernsey color onto a Guernsey.

The other was produced by a back cross of a black Fj bull, Holstein-

Friesian X Jersey, onto a dark Jersey. The coat of this heifer was

very dark. The appearance of the dark-fawn and deep-orange offspring

from black F^ parents indicates that segregation of the parental coat

colors does occur. The deep-orange bull is of especial interest since he

shows the segregation of the Guernsey coat with the color modified.

This deepening of the shade of the coat seems to be confirmatory evi-

dence for the hypothesis advanced by Wright {58) that the coat color

of Guernsey cattle differs from the other dun-colored breeds by a reces-
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sive dilution factor for this fawn. The proof for this factor being reces-

sive comes in the fact that the F^ cross was a back cross of a black Guern-

sey V'l bull on a Guenrsey cow. Furthermore, this factor from the

nature of the cross can not be sex-linked as in the case of Wentworth's

explanation of the dark shade of brown in the coat of the male Ayr-

shire (46).

The case of the almost identical appearance of the dark dun F2 heifer

and her Jersey parent agrees well with the findings of Kuhlman (17)

for Jersey X Aberdeen-Angus crosses. These cases support the con-

clusion that in the Jerseys any such dilution factor as that m the Guern-

sey is not normally present.

General White Markings of the Coat

Most investigators have considered that white markings found in the

different parts of the coat were due to a piebald factor exhibiting great

somatic variation (19, 21, 43, 48). This statement of the case seems to

the author to have many contradictions, but as this appears to be the

popular belief the data will be treated first from this point of view.

Table VIII presents this treatment.

Table VIII.

—

Behavior of the general white markings in the parental and first filial

generations

Sire. Description of mating. Offspring.

Taurus Creamelle Henger-
veld.

Do
Kayan

Do
Lakeland's Poet

Do
Minor crosses:

Crossbred o

Spotted X solid color.

Spotted X spotted
Spotted X solid color. . . .

Spotted X spotted
Solid color X solid color

.

Solid color X spotted . . . .

Do.

Crossbred 10

Lady Primrose's Governor
of the Fountain.

Delva 's University De Kol . ,

Johanna Lad Manor De Kol
Columbia's Fox

Fi spotted carrying' solid

color X solid color.

Fi spotted carr)'ing solid

color X Fi spotted carry-
ing solid color.

Fi spotted X spotted
Spotted X spotted

.do.

Spotted X solid color.

....do

2 solid colors, 5 spotted.

8 spotted , I solid color.

3 solid color, 3 spotted.

3 solid color, 13 spotted.
1 solid color.

2 solid color, 3 spotted.

2 solid color.

3 spotted.

I solid color.

Do.

I spotted.

Do.
Do.

Two points of importance come out in consideration of these data:

First, the white piebald factor must be dominant; second, this factor

must be present in the bulls in the heterozygous form, as each bull

throws some solid-color animals. The first conclusion is not strange,

for it is to be expected that the factor is dominant, recessive, or perhaps in-

termediate in its efifect. The fact could, however, be just as well explained

by the presence of a dominant factor for white in a given part of the
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body and the simultaneous presence of other recessive factors for white
in the rest of the body. - The second conclusion could be explained on
chance sorting, in which chance had given us nine heterozygous bulls.

Such a conclusion would seem unlikely, unless the piebald condition is

lethal when homozygous. Furthermore, the piebald condition is always

favored in the ratios obtained as this work and that of Kiesel (18) have
shown.

The work of others furnishes further supporting, evidence for the

view that the white markings are brought about not by one factor but
by the interaction of many. Boyd (10) and Nabours {26) have shown
that the white face of the Hereford is dominant. In collecting evidence

for cases parallel to their case of animals white with red and with black

ears Lloyd-Jones and Evvard (20) found Storer (20), Wilsdorf (48),

and others had described similar cases. Chillingham and Park cattle

have such dominant markings of white body coat with black ears; and
Pembroke and Highland cattle, which have a coat of almost identical

pattern, have the character recessive. Wilson (57) further fills in the

gap by describing cases of cattle which were all white. Besides these

examples the belt of the Dutch-belted cattle has been shown to be

separately inherited. Thus it would seem that there are many cases

where a given kind of white is separately inherited.

All of these cases are important for the interpretation of the coat of

the roan Shorthorn. Already some of those differences in behavior

of the white have been used for parallels to explain the peculiar ratios

obtained in these Shorthorn cattle studies (20, 58). It remains, how-
ever, to be shown that there is any difference in the inherited white

throughout the different parts of the coat before this parallelism is

established. Allen (/) has made a beginning at this kind of attack by
his studies on the distribution of these white markings in mammals and
birds. His studies as to the location of the centers of these spots are in

general found to check well with this study. The location of the areas

may be given as follows: The forehead, the throat, a band across the

shoulders often extending to the belly, an irregular spot on the rump
including some of the tail set, irregular spots on the flanks, lower half

of tail above switch, belly from brisket to inguinal region and any leg

as a coronet, or as a short or long stocking.

The data on these crossbreds as above presented are well suited to this

novel analysis. The markings of both parents and offspring have been

carefully examined and described in writings, by drawings, and with

photographs. The areas were found to fall naturally into the groups

above mentioned. The material to determine the behavior in inheritance

of the various groups is available. »

The general, practice followed throughout the study of these indi-

vidual spots is to consider each area separately. The general conclu-

sions for the behavior of these areas are then given. If there are any
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cases which appear anomolous to the conclusion, these are considered

together with their color pedigree. The sunjmary and general con-

clusions are reserved for the end of this section on white markings.

WHITE MARKINGS OP THE FACE

The markings of the face have been divided into the classes familiar

to most breeders: Star, star and snip, blaze, and solid color. In all of

these studies the presence of a few white hairs is considered as star or

snip, etc., according to the place of its appearance.

The behavior of the F^ progeny markings is shown in Table IX.

Table YX..—Behavior of the white markings on the face in the parental and first filial

generations

Sire.

Taurus Creamelle Henger-
veld.
Do
Do

Do.

Kayan
Do
Do

Lakeland's Poet.
Do
Do

Minor crosses:

Crossbred o.

Do.

Crossbred lo.

Lady Primrose's Governor
of the Fountain.

Johanna Lad Manor De Kol

.

Columbia's Fox

Description of mating.

Star X solid color.

Star X star

Star X F i
blaze carrying

star.

Star X Fi solid color car-

rying star.

Solid color X solid color. .

.

Solid color X star

Solid color X blaze
Solid color X solid color . .

Solid color X star

Solid color X blaze

F 1 solid color carrying
star X solid.

F 1 solid color carrying
star X F ' solid carrying
star.

F 1 solid carrying star X
star.

Star X solid color

.do.

Solid color X solid color.

Offspring.

8 solid -|- 3 star.

I solid -j- I star, i star snip.

I blaze.

I star.

9 solid color.

10 solid color.

3 solid color.

Do.
I solid color -\- i star.

1 solid color.

2 solid color.

2 star, I solid color.

I solid color.

Do.

Do.
Do.

As a whole, Table IX indicates that white markings of the face are

suppressed in the F^ offspring when one of the parents is solid color.

There is one exception to this interpretation. Heifer 12 had no mark

and came from Taurus Creamelle Hengerveld (large star) and College

Gem (very small star). It may be, of course, that this star in College

Gem is hair just turning gray with age. This does not seem likely,

however, and it seems best to consider this a case against so simple an

hypothesis as a single recessive. Four other cases offer exceptions if it

should prove true that their solid-color parents are genetically solid

colored. Unfortunately, only two of these cases can be pedigreed, as

they alone come from breeds recording color markings as part of their

registration for the herd book. The first of these (Columbia's Brown

Bessie) has her color pedigree given in Table X.
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The pedigree of this animal has so much recorded white in it that it

is possible to make the appearance of white on any of her offspring quite

likely from the standpoint of chance inheritance of single factors when
she is mated to white bulls.

Table X.

—

Pedigree of Columbia's Brown Bessie
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The case of Lakeland's Poet, father of Heifer ii, is not quite so good.

There is still, however, a good chance that he carries this star, as may
be seen from his color pedigree (Table XI).

TablU XI.

—

Pedigree of Lakeland's Poet



Oct. 7,1918 Crosses between Dairy and Beef Breeds of Cattle 29

land's Poet receiving it i in 4. The only pedigrees which we have been
able to study have shown a fair chance for the animals to carry the

star. There is in this pedigree an apparent exception to the recessive

quality of star, as the mating of S. Boyle (star) by D. Fontaine 4th

(star) gave a solid-color offspring.

Some interesting cases of the reappearance of the star after its

disappearance in the F^ generation may be mentioned. Taurus
Creamelle Hengerveld mated to No. 12, the Fi exception noted above,

gave as the result of this back cross a star. Likewise, when Cross-

bred o (solid color carrying star) is inbred to the solid-color females

carrying star, he gave two stars and one solid-color offspring. These F3

offspring would indicate a segregation of the star determiner from
solid color.

MARKINGS OF THE THROAT

In cattle the white on the neck may be divided into two classes,

according to the center of its occurrence. These are (i) a white area

on the throat and (2) an extension of the white belt of the withers into

an irregular white area on the crest of the neck. This last marking is

quite rare. In these experiments we have nothing which could be
called this extension, and shall therefore have no opportunity to con-

sider its behavior. The white spot on the throat as it appeared in the

parents and in the offspring is given in Table XII.

Table XII.

—

Behavior of the white markings on the throat in the parental and first filial
generations

Sire.

Taurus Creamelle Henger-
veld.

Do

Do.

Kayan
Do

Lakeland's Poet.
Do

Minor crosses

:

Crossbred o.

Do.

Crossbred 10

Lady Primrose's Governor
of the Fountain.

Johanna Lad Manor De Kol

.

Columbia's Fox

Description of mating.

Throat spot X solid color.

Throat spot Fi solid carry-

ing white.
Throat spot X Fj solid

color.

Solid color X throat spot.

Solid color X solid color . .

Solid color X throat spot.

Solid color X solid color . .

Fi solid carrying throat
spot X solid color.

Fi solid carrying throat

spot X F, solid carr>ang
throat spot.

F, solid color X solid color.

Throat spot X solid color . .

....do
Solid color X solid color . .

Offspring.

13 solid -j- 2 spot.

1 white.

r solid color.

3 solid color.

19 solid color.

3 solid color.

Do.

2 solid color.

I throat spot X 2 solid

color.

I solid color.

Do.

Do.
Do.

The conclusion to be drawn from Table XII is that the white markings

of the throat are recessive. There are two cases where the behavior of

the Fi offspring is doubtful: Crossbreds 6 and 20 from the same dam,
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Maple Grove Netta, and by the same bull, Taurus Creamelle Hengerveld,

Both animals have a throat spot similar to that of their sire. It would

seem that Maple Grove Netta must also have this mark as a single dose.

She is, however, given as unmarked by the herd book. Unfortunately,

the Ayrshire herd books allow the record to be made as red and white

without giving the actual location of these marks. We can not, there-

fore, trace definitely the white spot. The color pedigree of Maple

Grove Netta is given to show the large amount of white in the pedigree

and also the difficulty in tracing the throat mark (Table XIII).

Table XIII.

—

Pedigree of Maple Grove Neiia

No. "5665." c?

Barcheskie May
King.

Imported.

No. "11918." 9
Orange Blossom
OF Barcheskie.

Imported.

No. No.

No.

No. No.

No.

No. No.

No.

z a^

a M

0.0

No. 5389. <J

Gloucester.
Dark red, with
heart-shaped
spot of white in
forehead; small
strip of white
back of shoul-

• ders; two small
white spots
back of left
shoulder; white
on both flanks.

No. 4227.
George A. F.

Dark red and white.

No. 2469. Glencarne. d
Dark red; little white; white in fore-

head; white spot on each shoulder;
o£f hip and both flanks white;
spotted legs.

No. 4464. Queen of Avy 3D. $
Red and white; three-eighths white;
some white in forehead inclosing
red spot.

No. 11224. 9
Athenia.

Dark red and
white; forehead
white with two
narrow strips of

red inclosed;
spot of white
above left nos-
tril; smaller
spot above right;

strip across
shoulders; both
thighs white;
band of white
across base of

tail.

No. 9358. 9
Malinda B.

Dark red; white spot in
forehead; white on
flank and tail.

No. 2083. Hebran.
Red and white.

No. 6190. Queen Lindetta. 9
Dark red; a little white; white spot
in forehead.

No. 4213. c?

Linwood.
Dark red and white;
white splash in fore-
head.

No. 3S62. Climax.
Red and white.

No. 6579. Lady Teazle. 9
Reddish roan; V of white in forehead;
white strip over loin and shoulders.

No. 4S42. 9
Maid of Athens.

Red and white.

No. 1961. Lord Derby.
White and red; mostly white.

No. 4S48. Strathaven Maid.
Light red and white.

It is hard to do much with this pedigree in the way of tracing the inher-

itance of the separate white marks. The presence of a large number of

them is shown as many areas carried by a single animal.
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On the hypothesis suggested there are two cases of segregation : Taurus
Creamelle Hengerveld with a white throat mated to No. 2 soHd color

carrying white throat gave No. 49, a white-throated offspring. Crossbred

o when mated to Crossbred i both solid color carrying white throat

recessively produced Crossbred 25, a white-throated heifer.

MARKINGS OP THE SHOULDERS

The markings occurring in the region of the shoulders may be divided

into three categories, depending on the amount of extension of the band
across the shoulders. The first of these is a band extending from under

the armpits on one side across the withers to the armpits on the other

side. The band may be broken in its lower part by pigment, so that all

there is left is a band across the withers. This band may be asymmet-
rical, having a greater area on one side than the other. Unfortunately

all of these extensions of this spot of pigment are not present in the herd.

Attention will be confined to the presence or absence of the white mark.

This treatment is given in Table XIV.

Table XIV.- -Behavior of the white markings on the shoulders in the parental and first

filial generations

Sire. Description of mating. Offspring.

Taurus Creamelle Henger-
veld.

Do.

Do.

Kayan.

Do.

Do
Lakeland's Poet.

Do
Minor crosses:

Crossbred o.

Do.

Crossbred 10.

Lady Prhnrose's Governor
of the Fountain.

Johanna Lad Manor De Kol

.

Columbia 's Fox

Shoulder band
color.

X solid

Shoulder band X Fj solid

carrying band.
Shoulder band X F^

shoulder band.
Solid color X spots on left

shoulder.
Solid color X shoulder
band.

Solid color X solid color. .

.

Solid color X shoulder
band.

Solid color X solid color. .

.

Fi solid carrying shoulder
band X solid.

Fj solid carrying shoulder
band X Fi solid carry-

ing shoulder band.
Fi solid color X shoulder
band.

Shoulder band X solid

color.

do
Solid color X solid color.

.

I spotted right shoulder, 2

shoulder bands, 11 solid

color.

I solid color.

1 shoulder band.

2 solid color.

10 solid color.

9 solid color.

1 solid color.

5 solid color.

2 solid color.

2 shoulder bands-fi solid

color.

I solid color.

Do.

Do.
Do.

The data of Table XIV would indicate the recessive character of the

white markings of the shoulders. On the basis of this conclusion there

are two cases of segregation : Crossbred o mated to heifers known to carry
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this mark but not showing it somatically produced two offspring with

shoulder bands and one without it.

There are three apparent exceptions to this recessive interpretation.

Two bulls from Maple Grove Netta (No. 6 and 20) have shoulder bands.

By the pedigree given in Table XIII it is shown that Maple Grove Netta

must have been heterozygous for this mark ; consequently it is not to be

wondered at that her offspring have it when mated to a bull carrying it.

The other case is not quite so easy to reconcile. In the pedigree given

in Table XVI with this single-factor hypothesis there are two known

possibilities in the fourth generation to have this factor transmitted to

Flying Fox's Flora, the mother of the aberrant individual. This doe.

not leave a great chance for her to have this factor. From her other

breeding, however, it would look as if Flying Fox's Flora must carry this

white mark.
MARKINGS OF THE RUMP

The white markings of the rump consist chiefly of a spot whose center

is the tail set. This spot may be extended by fusion with the patches

having as their centers the middle of the flanks. These extensions will

be considered as two separate spots located, respectively, on the rump

and on the flanks. The behavior of the rump spot from the parents to

the offspring is shown in Table XV.

Table XV.

—

Behavior of the -white markings on the rump in the parental and first filial

generation

Sire.

Taurus Creamelle Henger-
veld.

Do
Do

Kayan
Do

Lakeland's Poet
Do

Minor crosses

:

Crossbred o

Do

Crossbred 10

Lady Primrose's Governor
of the Fountain.

Johanna Lad Manor De Kol
Columbia 's Fox

Description of mating.

Rump spot X rump spot

,

Rump spot X
Rump spot X
rying rump

Solid color X
Solid color X
Solid color X
Solid color X

solid color.

F, solid car-

spot.

rump spot.,

solid color.,

rump spot.,

solid color..

Fj solid color carrying
rump spot X solid color.

Fi solid color carrying
rump spot X Fi solid

color carrying rump
spot.

Fj solid color carrying
rump spot X rump spot.

Rump spot X solid color . .

do
Solid color X solid color.

Offspring.

2 rump spots.

10 solid color.

I rump spot, I solid color.

15 solid color.

7 solid color.

1 rump spot, 2 solid color,

3 solid color.

2 solid color.

I rump spot.

I solid color.

Do.

I rump spot.

I solid color.

Here, also, the character of the white mark appears recessive in its

transmission. There are, however, three exceptions to this view, if these

should prove genetically what they appear to be somatically. The
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exceptions are Crossbreds 11, 14, 35, and require for their production

that the animals Lakeland's Poet and Flying Fox's Flora be heterozy-

gous for the factor producing this white spot.

The single case of this white in the pedigree makes it hard to believe

that Flying Fox's Flora carries this mark, even though her two offspring

do show it somatically. The case of Lakeland's Poet is not quite so

bad, as in his pedigree there are two animals, S. Fontaine's King and
Rioter's Pretty Bell, which have their tails recorded as white. Since

the tail set is the common center for the rump spot, it is probable that

these animals have this spot (Table XVI).

Table XVI.

—

Pedigree of Flying Fox's Flora

X 3

No. 61441. c?

Champion Flying
Fox.

Solid color, except
white on bris-

ket; white tip

to black tongue;
black switch.

N0.F.S.8801. 9
DuLcE OF Oak-

land.
Solid color; black
tongue and
switch.

No. 42000. c?

Don of Hood
Farm.

Solid color; black
tongue and
switch.

No. 124651. 9
Blonde Brigos.
Solid color; black
tongue and
switch.

No. P. S. 2160. d
Golden Fern's Lad.
WTiite spot on forehead
and withers; tongue
and switch white.

No. 149740. 9
Sultana's Rosette.

Solid color; black tongue
and switch.

No. 1559. Boyle. c?

Brown and white; white on forehead;
tail and tongue white.

No. 4711. Golden Fern. . 9
Dark fawn; solid color; black tail.

No. P. S. 797. Sarabond. d"

Dark brown; two white specks on
fore fetlocks; tail black and white.

No. P. S. 2128. Rosette 4Th. 9
Gray; white on right hip; tail black;
dappled under barrel.

No.

No.

No. 30212. d"

Pedro Signal Land-
seer.

Solid color ; black tongue
and switch.

No. 82426. 9
Donney Pogis 2D.

Solid color; black tongue
and switch.

No. 26930. c?

Gem of St. Lambert.
Solid color; black tongue
and switch.

No. 67895- 9
Bangor Maid.

Solid color, except white
on belly, brisket;
mixed switch; black
tongue.

No.

No-

No.

No-

No. 9033. Young Pedro. d
Solid color; black tongue and switch.

No. 60789. Signal Mine 2D.
_ 9

Solid color; black tongue and switch.

No. 23015. Tennessee's S
Landseer.

Few white hairs on left shoulder;
small white spot on right flank:
white ankles, tongue, and switch.

No. 38907. Donney Pogis.
_ 9

Solid color; black tongue and switch.

No. 18453. Columbine's John d
Bull.

Solid color; black tongue and switch.

No. 48S77. Miss Card Pogis. 9
Solid color; black tongue and switch.

No. 2i4';s. Fauntleroy. d"

Some white on brisket; small white
spot on each flank; white tongue;
black switch.

No. 53=:os. Euna's First. 9
Solid color, except white spot on each

stiffle and Sank; white tongue;
black switch.

The white shoulder marks of Golden Fern's Lad and Tennessee's

Landseer are of interest in connection with the inheritance of this white.

The presence of white spots on the hips of Rosette 4th is of interest,

78773°—18 3
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since this appears to be the only animal known to four generations

which could transmit this white to Flying Fox's Flora. Tennessee's

Landseer, Fauntleroy, and Buna's First have white marks on the flanks.

In connection with the development of the separate factor argument

for the individual white spot, the animals Bangor Maid, Boyle, and

Sarabond are of interest.

MARKINGS OP THE FLANK

Markings on the flanks of dairy cattle generally consist rather of

extension areas from the white on the legs than they do of definitely

centered spots. However, from the evidence brought forward by

Allen (j) it would appear that this is a definite area. It consequently

will be treated as such. Table XVII gives such treatment of the paren-

tal and Fj generation.

Table XVII.

—

Behavior of the white markings on the flanks in the parental and first

filial generation

Sire.

Taurus Creamelle Henger-
veld.

Do
Do

Do
Kayan

Do

Lakeland 's Poet

Do
Minor crosses:

Crossbred o

Do

Do

Crossbred lo

Lady Primrose's Governor
of the Fountain.

Johanna Lad Manor de Kol
Columbia 's Fox

Description of mating.

Spotted left flank X solid

color.

Spotted X spotted
Spotted X Fi solid color

carrying spotted.

Spotted X Fi spotted
Solid color X solid color. .

Solid color X spotted
flanks.

Solid color X spotted

flanks.

Solid color X solid color.

.

Fj solid color carrying
spotted flanks X Fj spot-

ted flank.

Fj solid color carrying

spotted flanks X solid.

Fj solid color carrying

spotted flanks X Fi
spotted flanks carrying
solid color.

Fj solid color carrying
spotted flanks X spot-

ted flanks.

Spotted flanks X solid

color.

do
Solid color X solid color.

Offspring.

3 spotted, lo solid color.

I solid color.

1 spotted.

Do.

9 solid color.

13 solid color.

2 solid, I left flank spotted.

3 solid color.

2 spotted flanks.

2 solid color.

I solid color.

Do.

Do.

I spotted right flank.

I solid color.

Here, again, the white areas are generally suppressed in the offspring

when an animal bearing them is crossed to a soHd-color animal. There

are six cases apparently at variance with this conclusion. Five of them

may be easily seen by their pedigrees to have had an animal carrying the

mark so close that either the aberrant parent would be heterozygous or

else had an even chance for a single dose of the factor. Of the four
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exceptions from Taurus Creamelle Hengerveld, two (Nos. 6 and 20) are

from Maple Grove Netta. The pedigree of this animal given above
shows that she must be heterozygous for this mark on a single-factor

hypothesis. No. 14 by the same bull from Flying Fox's Flora is also an
exception. In this case the parent expected to transmit this mark is in

the second generation. The same is also true for the case of the two
exceptions from Lakeland's Poet, for the parent carrying this mark is

also in the second generation. It is interesting in this connection to

compare the size, shape, and position of the flank markings of a daughter

of Lakeland's Poet with the flank markings of her offspring from a straight

F2 generation. It will be noted that they are almost identical.

The remaining case is that of No. 3 from Johanna Lad Manor De Kol
and Flora's Golden Poetess. The solid-color parent. Flora's Golden

Poetess, has a white-flanked grandfather (Mabel's Poet) and granddam
(Imp. Lady Grandiflora). It is not strange, then, that she should carry

white for the flank.

MARKINGS OF THE TAIL

Table XVIII.

—

Behavior of the white markings on the tail in the parental and first filial
generations

Sire. Description of mating. Offspring.

Taurus Creamelle Henger-
veld.

Do

Do.

Kayan.

Do.

Do
Lakeland 's Poet

.

Do
Minor crosses:

Crossbred o.

Do

Crossbred 10.

Lady Primrose's Governor
of the Fountain.

Johanna Lad Manor De Kol . .

Columbia's Fox

Lower half white X comer
half white.

Lower half white X solid

color.

Lower half white X F
1

lower half white.
Solid color X upper half

white.
Solid color X lower half

white.
Solid color X solid color . . ,

Solid color X lower half

white.
Solid color X solid color . .

Solid color carrying lower
half white X solid color.

Solid color carrying lower
half white X F 1 solid

color carrying half white.

Solid color X lower half

white.
Lower half white X solid

color.

....do
Solid color X solid color . .

.

2 half white.

3 lower half white, 9 solid
color.

2 lower half white.

3 solid color.

II solid color.

8 solid color.

1 lower half white, i solid
color.

3 solid color.

2 solid color.

2 half white -f i solid color.

I solid color.

Do.

Do.
Do.

The markings of the tail may be divided into four general groups : In

the first only the switch is white; in the second the hair just above the

switch is white ; in the third group about half the tail is white ; and in the

fourth group the whole tail is white. Much observation of the switch

and tail colors in cattle has led to the view that the color of the hair in
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the switch is separate in its behavior from the rest of the tail. These areas

will be studied separately. The cases of the ring just above the switch

and of the whole tail white will not be studied, as these marks are not

present in the herd. The choice of the broad quantitative group lies in

a study of the length of those white areas. The length of the white area

on the tail was measured and found to be between one-third and one-half

the total length of the tail. The data have been considered on the basis

of this and made two qualitative groupings: (i) half white and (2) solid

color (Table XVIII).

Table XIX.

—

Pedigree of Lassie of M. F.
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studies. Of the oflFspring of Taurus Creamelle Hengerveld, No. 14, 16,

and 50 behave in contradiction to expectation. Of these the anomalous
parents of No. 14 and 46 are available for study. The same difficulty

of reconciling the behavior of No. 14 with expectation is experienced as
in the preceding case. There are only three parents up to the fifth

generation which carry the white.

It will be noted from the color pedigree of Lassie of M. F. that the

chance of her carrying white for the legs is good, since two parents,

Figgis and Imp. Golden Ferris Lad, both had these marks. The same is

also true for markings on the tail (Table XIX).
The case of Lassie of M. F. is much better, as she had both of her

grandfathers carrying the factor. The other exception is that of No. 1

1

by Lakeland's Poet. It will be noted in the previous pedigree that

there is a good chance for this animal to carry the factor for a white

tail, as the description indicates that this mark is carried by his father.

MARKINGS OF THE BELLY

Table XX.

—

Behavior of the white markings on the belly in the parental and first filial
generations

Sire. Description of mating. Offspring.

Taurus Creamelle Henger-
veld.
Do

Do
Do
Do

Kayan

Do

Lakeland's Poet
Do
Do

Minor crosses:

Crossbred o

Do

Crossbred 10

Lady Primrose's Governor
of the Fountain.

Johanna Lad Manor De Kol

.

Columbia's Fox

All white X inguinal spot.

All white X fore part
white.

All white X all white
All white X solid color . . ,

All white X Fj all white. ,

Inguinal spot X all white.

.

Inguinal spot X solid color

Solid colorX inguinal spot.

Solid color X all white. .. ,

Solid color X solid color . .

Fore and hind part white
carrying solid color X
solid color.

Fore and hind part white
carrying solid color X
all white.

Spot in inguinal region X
all white.

All white X solid color. .

.

do
Solid color X solid color.

.

2 all white + i solid color

+ I inguinal spot.

2 all white.

1 all white.

5 all white + i solid color.

2 all white.

7 inguinal spot, 2 belly
white to navel, 2 belly
all white, 3 solid color.

4 inguinal spot, 4 solid

color.

1 inguinal spot.

3 all white.
2 solid color.

Do.

I all white + i solid color

+ 1 half white.

I solid color.

Do.

I all white.
I inguinal spot.

White on the belly takes a variety of patterns, depending largely on

the method of extension of these areas. The primary area, if it may
be spoken of as such, is a white spot in the region of the udder. This

is practically always present when any of the other extensions toward
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the brisket are present. Since the data on the extension areas are

rather limited, it has been deemed well to consider only this inguinal

spot and leave the extension factors for future study (Table XX).

It is obvious at a glance that this white on the belly behaves quite

differently from the white markings on the rest of the body. The

general conclusion to be drawn from a study of Table XX is that white

in the region of the udder behaves as if it were a dominant. There is

unfortunately one real exception to this, in that No. 13 has a white

throat and inguinal spot, when his parents are both solid color. For

the case it must be said that the description of the parent, Columbia's

Fox, had to be taken from the herd book, as this animal was sold without

description. It is quite probable that a small white spot would escape

the one making the record for registry, so that when it is possible to

check this case it may be that the required spots will be found.

Should the interpretation of a dominant for this case be correct, the

expectation and realization for the various classes would be as follows

:

Inguinal spot X inguinal spot = 3 spots to i solid color. The actual

figures obtained are 21 to 6. Inguinal spot X solid color would be

expected to give i to i ; the experimental results obtained are 10 to 8.

WHITE MARKINGS OF THE LEGS

The markings of the legs may be divided into four general classes:

(i) Animals which are solid color; (2) animals with a white ring on the

coronet and extending a short distance above it; (3) the further exten-

sion of this white into a white sock; and (4) its still further extension

into a white stocking. There are other markings, but these are the most

common and will be the only ones considered.

Table XXI. -Behavior of the white markings on the legs in the parental and first filial

generations

LEFT FORELEG

Description of mating. Offspring.

Taurus Cream elle Hengerveld

.

Do
Do
Do
Do

Kayan
Do
Do

Lalceland's Poet
Do

Minor crosses;

Crossbred o

Do.

Crossbred lo.

I,ady Primrose's Governor of the
Foimtain.

Johanna Lad Manor De Kol
Columbia's Fox

Short stockingXlong stocking. . .

.

Short stockingX short stocking . . .

Shcrt stockingX solid color
Short stockingX Fi long stocking

.

Short stockingXFi short stocking
Solid colorX long stocking
Solid colorXshort stocking
Solid colorX solid color

do
Solid colorXlong stocking

Solid color carrying whiteX solid

color.

Solid color carrying whiteXsolid
color carrying white.

Solid color carrying whiteXsolid
color.

Long stockingXsolid color

.do.
Solid colorX solid color

.

2 long stockings.
I short stocking.
I short, 10 solid color.

I long stocking.
1 short stocking.
10 solid color.

2 soHdcolor.
10 solid color.

3 solid color.

2 solid color+ 1 long stocking.

2 solid color.

I spot above knee+i small white
spot on coronet+i short stock-
ing.

I solid color.

Do.

Do.
Do.
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Table XXI.

—

Behavior of the white markings on the legs in the parental and first filial
generatio ns—Continued

RIGHT FORELEG

Sire. Description of mating. Offspring.

Taurus Creamelle Hengerveld
Do
Do
Do
Do

Kayan
Do
Do

Lakeland's Poet
Do

Minor crosses;

Crossbred o

Do

Crossbred 10

Lady Primrose's Governor of the
Fountain.

Johanna Lad Manor De Kol
Columbia's Fox

Long stockingsXlong stockings. . .

Long stockingsX short stockings.

.

Long stockingsX solid color
Long stockingsXFi long stockings
Long stockLngsXFi short stockings
Solid colorX solid color
Solid colorXshort stockings
Solid colorX long stockings
Solid colorX solid color
Solid colorX long stockings

Solid color carrying white stock-
ingsX solid color.

Solid color carrying white stock-
ingsX solid color carrying white
stockings.

Solid color carrying short stockings
X solid color.

White stockingsXsoUd color

Long white stockingsX solid color. .

Solid colorXsolid color

I long stocking.
I short stocking.
10 solid color, i short stocking.
1 long stocking.

Do.
12 soUd color.

2 solid color.

8 solid color.

3 solid color.

2 solid color, i long stocking.

2 solid color.

I white stocking-|-i white spot
above knee-(-i white on cor-
onet.

I solid color.

Do-

Do.
Do.

LEFT HINDLEG

Taurus Creamelle Hengerveld

.

Do

Do.
Do.
Do.

Kayan
Do

Lakeland's Poet.
Do

Minor crosses;

Crossbred o..

Do

Crossbred 10.

Lady Primrose's Governor of the
Fountain.

Joharma Lad Manor De Kol
Colimibia's Fox

Long white stockingXFi short
stocking.

Long white stockingXFi long
stocking.

Long white stockingXlong white.

,

Long white stockingX solid color .

,

Long white stockingXshort stock-
ing.

Solid colorXlong whitestocking
Solid colorXlong stocking
Solid colorXsolid color
Solid colorXlong stockings

Solid color carrying whiteX solid

color.

Solid color carrying whiteXsolid
color carrying white.

Solid color carrying whiteXsolid
color.

Long stockingsXsolid color

-do.
Spot on thighXsoUd color.

I long white stocking.

Do.

3 long white stockings.

7 solid color, i long white, 3 short.
I short stocking.

12 solid color.

10 solid color.

3 soUd color.

I spot on thigh, 2 solid color.

I solid color.

I long stocking, i small white
spot above coronet.

I solid color.

Do.

I short stocking.
I solid color.

RIGHT HINDLEG

Taurus Creamelle Hengerveld. . .

.

Do

Do

Kayan
Do

Lakeland's Poet
Do

Minor crosses;

Crossbred o

Do

Crossbred 10

Lady Primrose's Governor of the
Fountain.

Johanna Lad Manor De Kol
Columbia's Fox

Long white stockingsXlong white
stockings.

Long white stockingsX solid color .

.

Long white stockingsXFi long
white stockings.

Solid colorXsolid color
Solid colorXlong white stockings. .

.

Solid colorXsolid color
Solid colorX long white stockings . .

.

Solid solor carrying white stock-
ingsXsolid color.

Solid color carrying white stock-
ingsXsolid color carrying white
stockings.

Solid color carrying white stock-
ingsXsolid color.

Long white StockingsXsolid color.

.

do.
Solid colorXsolid color.

3 long white stockings.

4 short stockings, 2 long white
stockings, 5 solid color.

2 long white stockings.

10 solid color.

12 solid color.

3 solid color.

2 solid color, i white spot on flank.

2 solid color.

I long white stocking-f-3 solid

color.

I solid color.

Do.

Do.
Do.
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From unpublished data collected by Dr. A. H. Sturtevant, of Columbia,

and the writer on horses it was shown that the frequency of white on a

given leg was markedly different. The order of appearance is left hind,

right hind, left fore, and right fore. This conclusion agrees with what
Brewer (u) had already published in 1882, unknown to us, as to the

frequency of these marks. It has seemed, therefore, that in this study

the individual leg markings should be treated separately (Table XXI),

Table XXII.

—

Pedigree of Flora's Golden Poetess

5S

No. 65780. S
Mabel's Poet.
Some white on

brisket; speck
on left side of

belly and patch
on belly near
left flank; black
tongue and
switch.

No. 195762. 9
Fontaine'sBrown

Daisy.
Solid color, black
ton sru e an d
switch.

No. P. S. 2591. c?

Caiest.
White under chest; fore

legs, switch white.

No. P. S. 63 1 1. 9
Mabel ssth.

Solid color, red muzzle.

No. P. S. 2591.
Caiest.

See above.

No. P. S. 6325. 9
Browny's Beauty.

Tongue and switch
black.

No. 2207. S. Fontaine's Kino. J
White on each stifle; tail and tongue
white.

No. 3582. D. Oxford Lass. 9
White across withers; tongue black;

tail white.

No. 1559. S. Boyle. c?

White spot on forehead; tail and
tongue white.

No. 3213. D. Mabel 23D. 9
Tongue and tail black; dappled on

chine. ^

No. 1690. S. Marion. c?

Solid color, black tongue and switch.

No. F. S. 7623. D. Beauty
Browny.

Black points.

o ">

is cl

Z.2

N0.6476S. c?

Flying Fox's
Victor.

Solid color, black
ton gue and
switch.

No. 61441. c?

Champion Fi,ying Fox.
Solid color, except white
on brisket; white tip
to black tongue; black
switch.

No. P. S. 2160. Golden Fern's d"

Lad.
Wliite spot on forehead and withers;
tongue and switch black.

No. 149740. Sultana's Rosette. 9
Solid color, black tongue and switch.

No. F. S. S801. 9
Dulce of Oakland.

Solid color, black tongue
and switch.

No.

No.

No. 173908. 9
Imp. Lady Grandi

flora.
Spot on left hip;
white on right
stifle and hind
fetlocks; black
tongue and
switch.

No. 52915. S
Mona's Glory.

Solid color, black tongue
and switch.

No. P. S. 1242. Golden Lad. S
Solid color, tongue and switch black.

No. P. S. 3983. MoNA 8th. 9
Spots in forehead; tail white; white
patch on each stifle.

No. 165772. 9
Lady Grandiflora.

Solid color , black tongue
and switch.

No. 1242. Golden L.'vd.
_ <S

Solid color, black tongue and switch.

No. F. S. 6407. Gr.\ndiflora. 9
Solid color, tail and tongue black.

The general conclusion is that these white areas are generally sup-

pressed in the offspring when the animal bearing them is crossed to a

solid-color animal. Should this be interpreted as being due to a single

recessive factor, several of the experimental animals have white markings

against this interpretation. Two of these animals are anomolous to this

in every foot. These are Crossbreds 1 1 and 35. Study of the pedigree

of Lakeland's Poet, the sire of these animals, shows that he had a good
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chance to carry this white, as his mother, Nora of Monmouth II, had
white ankles and a white knee, and his grandfather, Caiest, had four

white feet. The case of Flying Fox's Flora is not so clear. The only

ancestor in the four generations of her pedigree who carried white feet

is Tennessee's Landseer. The chances of her carrying factors for the

production of these feet derived from this animal are small, as the

animal bearing such marks is in the fourth generation.

It will be noted that the hind feet have more exceptions than the

fore feet. Three of these females exceptional in the left hind foot are

also exceptions in the right hind foot. These three exceptions are

Lassie of M. F., Eventime 4th, and Hearthbloom. Only one of these

animals, Lassie of M. F., is available for study. The chance of her

carrying white is rather good, as she has two ancestors in the third

generation who could transmit this to her. The other exceptions are

Flora's Golden Poetess, with offspring having white on the left hind

feet; Columbia's Brown Bessie, and Orono Ellen, with offspring with

white on the right hind feet. The chance of Flora's Golden Poetess

carrying the white seems good from the above pedigree. Caiest in the

third generation and Imp. Lady Grandiflora both carry white. This

makes it certain that the mother and the two grandparents on the

father's side each has one dose of the factor (Table XXII). The case

is even stronger for Columbia's Brown Bessie, as in her ancestry both

of her grandmothers have white feet. In fact, the wonder is why she

did not transmit more white to her offspring.

Summary of the Evidence on the Separate Inheritance op White Markings

A general summary of the behavior of the white markings just studied

seems necessary for a clear understanding of the conclusions based on

this study and their bearing on the general problem of coat-color inherit-

ance. As has been previously pointed out, the limiting of the study to

individual spots attacks the problem in an entirely novel way. Such

analysis is made necessary because of the peculiar ratios which have

been obtained in other studies of coat color, such as those made in the

Shorthorns. In the study of the roan coat of this breed about the only

thing which the results of Wilson {49-56), Laughlin (19), Wentworth

(44,45), Barrington and Pearson (d), and Walther {43) have in common,

are exceptions which each found to the interpretations offered by the

other writers. A beginning at a solution of these exceptions has been

made by the excellent review of the writings of Storer, Wilsdorf, and

others on white body color by Lloyd-Jones and Eward {20). In this

review they show that two types of identical white body with colored

ears exist. In the Chillingham cattle this white is dominant. In the

Highland cattle it is recessive.

This does not quite fit the case of the roan Shorthorn, for, while the

presence of these two genetically different whites would complicate the
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results, it is entirely likely that their presence would be noted because

the pattern of each is so striking. It does remain to be shown rather

that the piebald cattle, like the Shorthorn, have a difference in behavior

of the separate spots which compose this piebald. A beginning at this

kind of analysis has been made by Kiesel, according to a review by Lang

{i8). In these experiments a solid-color Limburger race was crossed to

a piebald race, F^ intermediate piebald. The back cross gave 22 solid

color and 29 piebald. The back cross to the piebald gave 84 piebald out

of 90. Unfortunately, no record of the exact spotting has been given;

consequently, we are left in the dark concerning any difference in behavior

throughout the coat. It would seem, however, that Kiesel's results

would fall in line with the results obtained here, where each individual

area is treated separately.

Analysis by the method of individual white spots has shown a marked

difference in the inheritance of such spots throughout the animal's coat.

This is perhaps as far as the writer should go, and is the only conclusion

it is intended to emphasize; but realizing that there are exceptions not

yet accounted for, it may be said that white spotting in the inguinal

region is, broadly speaking, dominant. The spots of the rest of the pie-

bald pattern are, individually considered, recessive. These enumerated

individually according to the region in which they occur are (i) white on

the face (star, star snip, or blaze)
; (2) white on the throat; (3) white as

a band across the shoulders; (4) a white area on the rump at the base of

the tail set
; (5) white on the flanks as irregular spots

; (6) white on the

tail above the switch ; and (7) the white stockings on the four feet.

The bearing of this difference in inherited behavior on the general

problem is at once evident. If the red-coated Shorthorns should carry

one of these recessive white spots, we should expect a small proportion

of cattle produced from the random mating of such an animal in the

Shorthorn population which would be white-spotted. In point of fact,

this is what has actually been obtained. The reverse is also true that if

these dominant white are mated together, we should expect that a het-

erozygous mating would now and then take place, giving a red. The

evidence brought forward offers a straightforward, clear explanation of

the anomolous behavior of the Shorthorn coat.

Behavior of the Muzzle Color in the F, Progeny

The categories used to describe the color of the muzzle pigment are,

in general, the same as those used for the tongue color. The tabulation

and classification of these terms has already been given by Pearl (33).

For this classification the reader is referred to his paper. In his study of

tongue color it was found that the essential thing was not so much the

color of the pigment but rather its presence. This study will, therefore,

be limited to the presence or absence of pigment. Table XXHI gives

the tabulated data for this treatment.
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Table XXIII .

—

Behavior of the muzzle pigment in the parental and first filial generations

Sire. Description of mating. Offspring.

Taurus Creamelle Henger-
veld.

Do

Kayan
Do
Do
Do

Lakeland 's Poet
Do

Minor crosses

:

Crossbred o

Do

Crossbred lo

Lady Primrose 's Governor
of the Fountain.

WhiteXpigmented

White X Fi, pigmented carrying
white

.

Pigmented Xpigmented
PigmentedX white
Pigmented Xpigmented and white. .

PigmentedX white, few pigmented
spots.

PigmentedXpigmented
PigmentedXpigmented, spotted. . .

.

Fi pigmented carrying white Xpig-
mented.

Fi pigmented carrying white Xpig-
mented carrying white.

Pigmented carrying whiteX white,
few black spots.

WhiteXpigmented

13 pigmented.

I white with small
black spots.

13 pigmented.

3 pigmented.
Do.

I pigmented.

5 pigmented.
1 pigmented.

2 pigmented.

3 pigmented.

I smoky brown.

I pigmented.

The conclusion to be drawn from Table XXIII is that the pigmented

muzzle is dominant to the nonpigmented one.

Behavior of the Tongue Pigment in the Fi Offspring

The inheritance of tongue color in cattle has already been studied in

this laboratory. The previous study on several thousand cattle indicates

that pigmentation is due to two closely coupled factors. The data here

are not sufficient to test this hypothesis thoroughly. As far as it goes,

Table XXIV substantiates the previous conclusions.

Table XXIV.

—

-Behavior of the tongue pigment in the parental and first filial generation

Sire. Description of mating. Offspring.

Taiuns Creamelle Henger-
veld.
Do
Do

Kayan
Do

Lakeland 's Poet
Do

Minor crosses

:

Crossbred o

Do

Do
Crossbred 10

Lady Primrose 's Governor
of the Fountain.

Columbia's Fox

WhiteXpigmented

WhiteXwhite
WhiteXFi white
PigmentedXpigmented
PigmentedX white

PigmentedXpigmented
PigmentedX white

Pigmented carrying white X pig-

mented.
Pigmented carrying white X pig-

mented carrying white.
Pigmented carrying white X white. ..

F, pigmented carrying whiteX white
WhiteXpigmented

PigmentedXpigmented

6 pigmented, i

black and white.
1 white.
2 white.

6 pigmented.
10 pigmented, 3
black and white.

3 pigmented.
2 white, I pig-

mented.

2 pigmented.

2 white.

I white.
Do.

I pigmented.

Do.
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Pigmented is dominant to unpigmented tongue. Lakeland's Poet

seems to contradict this but a study of his pedigree given above shows

him heterozygous for the unpigmented tongue.

Inheritance op Switch Color

All of the crosses available for study in this experiment have either

one or both of the parents with a black switch. It is impossible, there-

fore, to determine the dominance of the other colors to each other. Black

as a color is dominant to the other colors (Table XXV).

Table XXV.

—

Behavior of the switch color in the parental and first filial generations

Sire.

Taurus Creamelle Henger-
veld.

Do

Do.

Do.
Kayan

.

Do

Do

Lakeland's Poet.

Do

Minor crosses:

Crossbred o.

Do.

Do.

Do.

Description of mating.

White Xblack.

WhiteX white.

White Xblack, few gray
hairs.

WhiteXFi white
Black, few white hairs

X

black.
Black, few white hairs

X

white.
Black, few white hairs

X

mixed red, black, gray.

BlackX white

Crossbred lo

Lady Primrose's Governor
of the Fountain.

Johanna Lad Manor De Kol

.

Columbia's Fox

Black Xblack, few white
hairs.

Black carrying whiteX
black.

Black carrying whiteX
black carrying white.

Black carrying whiteX
black and white.

Black carrying whiteX
white,

do.

White Xblack, few white
hairs.

White Xbrown.
Black Xblack, few white

hairs.

Offspring.

1 black, 2 white, 2 black
and white.

2 white, I white with few
black hairs.

2 white, I white tip and i

black.
2 white.

5 black.

ID black, I blackXwhite.

3 black.

I black, I blackXwhite, i

black, few white hairs.

3 black.

2 black.

I white.

Do.

I black.

I red.

I black.

I black and white.
I black.

The apparent exceptions to this conclusion are shown by their pedigrees

and their other breeding records to be heterozygous for the white factor.

Two interesting cases of segregation appear in the Fj generation. A
white switch resulted from mating Crossbred o (black carrying white)

to an Fj cow (black carrying white). Another case of segregation of

perhaps more interest than the above is that from Crossbred lo (black

carrying white X white). This mating gave an orange-red—that is, the

ground color of the Guernsey minus its diluting factor has been substi-

tuted for the white of the parent.
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SEGREGATION OF THE POLEED CHARACTER

In his interesting review of the Hterature on domestic cattle and their

origin Morse (25) and others (5) give briefly the theories as to hornless

cattle (47). The different views held all go back to the conception of use

in selection to account for the loss of horns. Durst {14) and Ewart (75)

take the ground that domestication has brought about the loss of horns.

Auld (4) considers that a reduction in the horns took place in between

the upper Eocene and lower Miocene period. Contradictory to this,

Arenander (2) says the first cattle were hornless. Major (25) found

skulls in the tertiary deposits in Italy the males of which were horned

and the females hornless. Thus he considers a progressive extension of

this would bring about the hornless race. This is something of the idea

of Keller (16), when he cites the African cattle with movable horns to

be ancestors of the hornless animals.

Based on rough notes collected at the Smithfield Club, Bateson and

Saunders (7, 8) treated these data on the homed character in cattle as

if it were a single Mendelian factor and conclude that the presence and

absence of horns are almost certainly allelomorphic characters. Further

data collected by Spillman (41) on 165 cases led him to conclude that

polledness is a simple Mendelian dominant. Boyd (lo) has given later

data on polledness in his cross of mutant polled Herefords onto pure

horned Herefords and in his crosses of polled cows to the American

bison. In both of these the polled character is dominant. In one of

his bulls. Variation, he thinks he gets a significant difference from the

expected ratio of i to 1 . Thus, in crosses of Variation with pure horned

cows he obtains 22 polled to 6 horned, or a difference from the expected

14 to 14 of 3.1 times the probable error of the theoretical half, or what

might seem a significant difference. Lloyd-Jones and Eward (20)

have added materially to the data already presented. In 71 matinga

of Shorthorn bulls to Galloway cows 70 were clear-polled, 6 scurred,

and 2 horned. This would seem to indicate that the polled factor is

dominant. By this view the tw^o horned heifers are exceptions to this

conclusion. On this point, however, it seems well to quote them, as it

appears to the author that the explanation they offer is correct. In

reference to the dams of these horned heifers, they say {20, p. looa)

:

The cows 154 and 49 are referred to as "pure-bred Galloway," but their behavior

in respect to the transmission of horns is not in harmony with what we should be

justified in expecting if this were the case. Of all the pwlled breeds of cattle the

Galloways have been longest established and, in the matter of horns perhaps the most

rigidly selected , and they are recognized as practicallynever producing homedoffspring.

On the other hand, it must be pointed out that there does not exist an inevitable

incompatibility between the heterozygous condition for polled, on the one hand,

and the "pure-bred" condition, on the other. To be pure bred, from the breeders'

standpoint, an animal must be recorded in the record books of the breed associations,

or eligible for such record, or it must be from parents whose recent ancestors were

thus recorded or eligible to record. To be sure, homed Galloways are not eligible

to record, but the herd-book associations make no biological restrictions as to the
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animal carrying horns recessive, and polled Galloway cows may not be disqualified

as pure-breds because they happen to produce horned offspring. Therefore, although

the behavior of the Galloway cows Nos. 154 and 49, one-half of whose offspring by a

PpbuU have been horned, is "not in harmony with what we would expect" if they

were pure-bred animals, nevertheless, it does not serve as conclusive evidence that

they are not such. But if these two cows were bona fide pure-bred Galloways it is at

least plain that we can not rely upon pedigree and registration as assurance that

animals, purchased as pure-breds, are homozygous for the polled trait.

Thus, in the opinion of these authors the occurrence of horns on the

heifers were due to their female parents being heterozygous for the

homed factor.

In this same paper data on the segregation of polledness are given.

In back crosses of P'pXpp (where P' is the polled and p the horned

factor) 7 polled to 9 horned were obtained where the expectation was

8 to 8. In P'pxP'p matings 20 polled to 8 horned were obtained

where the expectation was 21 to 7. Their conclusion (20, p. 102a) on

this evidence would seem substantiated

:

The present results substantiate the allelomorphic nature of the horned and polled

condition in cattle.

The citations seem to prove conclusively that polledness is a simple

Mendelian character. Some exceptions to this conclusion in our crosses,

the results of which are presented in Table XXVI, gave ground for the

belief that other factors influenced the result.

Table XXVI.

—

Behavior of the polled character in the parental andfirst filial generations

Sire.
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it would seem that Kayan has been shown homozygous for the polled

character, for if Kayan is considered heterozygous for the polled char-

acter, we have the impossible ratio of 17 polled to i horned, where the

expectation is equality. Another assumption is left open: The scurred

animals are really homozygous for the horned factor. This hypothesis

seems unlikely on the following grounds: Scurs are present only where

polled individuals are also in the stock. The inclusion of the scurred

animals with the polled ones always improves back-cross ratios of

polled X horned crosses, whereas the inclusion of scurred individuals

with the horned group makes the ratios far from probable.

The same kind of case occurs in No. 31 out of the Aberdeen-Angus
cow Eventime 4th. Since it has not been possible to test her genetic

composition in so thorough a manner as that of Kayan, the case may
be due to Eventime 4th being heterozygous for the horned factor.

Thus, we have two exceptional cases for polledness which demand a

supplementary hypothesis to explain their appearance.

Spillman {41) says that scurs may develop to considerable size, but

are loose and hollow. It is interesting in this connection, however, to

point out that 8 loose- to 3 tight-scurred animals occur, a ratio corre-

sponding well with the expectation of the E2 population for a separate

factor for loose and tight scurs. From this the most probable explana-

tion would seem to be that loose and tight scurs are due to a simple

Mendelian factor and not due to any inherent quality of being scurs.

In another paragraph in the same paper Spillman says that males are

more likely than females to have scurs. This statement, however, is

not supported by evidence, and in fact is contradicted by Lloyd-Jones

and Eward (20), who say their data

—

give no evidence that sex is in any way connected with the inheritance of these

characters [Homed and polledness].

These investigators offer numerical data on the frequency of scurs.

In 78 cases 6 were scurred and 2 horned. It will be seen that this

frequency is much below that of the data of the author. Unfortunately

Lloyd-Jones and Eward do not sex their data; but it is possible to

group the data of the present author in relation to sex, as is seen in

Table XXVII.
Table XXVII.

—

Relation of sex to polledness"

Description of mating.
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The polled character in these crosses occurs most frequently in the

females. In 7 offspring from matings of homed males with polled

females, 3 polled females were produced to i polled male; i male and i

female had scurs and i male had heavy horns. In the reciprocal cross

of polled male bred with horned female, i male was doubtfully recorded

as "loose scurs under the skin." He died before this could be checked.

Of the others, 7 females were polled, 3 males had solidly attached scurs,

6 had loose scurs, and i was horned.

These data make it probable that sex has some influence on the

horned condition. The parallel with the case of sheep is of special

interest, for castration experiments by Wood and others {57) have

established the presence of a secretion by the testis which materially

aids the production of horns in this species. On the basis of this the

testis in the bull would be expected to secrete a hormone which would

produce horns with one dose of the horned genes, where two doses of

the homed gene would be required by the female.

The parallel is still further emphasized by the variabiHty, both intra-

and inter-racially of the action of this secretion or hormone. Thus,

Crossbred 9 (PI. 4, A) at three years had scurs only, whereas Crossbred

21 at one year had heavy horns. For the case of sheep the work of

Arkell and Davenport (j) have shown a similar length of time necessary

for the action of the secretion in this species {see also 13).

This variability in the action may be the explanation of the results

obtained by Lloyd-Jones and Eward (20), where, out of 78 offspring

of a Shorthorn bull to Galloway cows, they obtained only 6 scurred and

2 homed animals (see p. 45). Here it is conceivable that in this

cross the secretion may be small in amount or lacking as in some of

the merinos that Arkell bred. Such a lowered concentration or amount

of the secretion would explain the results, as without its aid to the

growth of horns the male offspring would be polled like the female,

and the results obtained by Lloyd-Jones and Eward would be expected.

This difference in the behavior within a species is still further empha-

sized by the work of Morgan {24) on the hen-feathered races of poultry.

In this case the hen-feathered character is known to vary all the way

between a strictly hen-feathered male to one of almost complete cock

plumage. This variability may also take place in the same bird of

the Campine race, owing to age or to a difference in the physiological

state of the bird.

The position of cattle in the series of animals known to possess such

a secretion seems intermediate between that of reindeer and sheep,

since castration experiments on the horned breeds show no retarding

of the horn growth, although it does tend to make the horn longer and

more slender.
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ON THE BEEF QUALITIES OF THE F^ OFFSPRING

The qualities of an animal which make for the beef or dairy form

seem to be divisible into four general regions when considered from the

hereditary point of view. These regions from front to back are head,

fore quarters, barrel, and hind quarters. It seems wise to have fairly

broad categories under which to group the qualities of beef or milk

production. In view of this the descriptive terms chosen to describe

these animals are beef, beef and milk, milk and beef, and milk, Tables

XXVIII shows the characters so grouped.

Table XXVIII.

—

Behavior of the type of head, fore and hind quarters, and barrel, in
the parental and first filial generation

HEAD

Sire.

Taurus
veld.

Do.
Kayan.

Creamelle Henger-

Lakeland's Poet.

Do
Minor crosses:

Crossbred o
Crossbred 10

Lady Primrose's Governor
of the Fountain.

Johanna Lad Manor De Kol

.

Columbia 's Fox

Description of mating.

Milk X beef

Milk X milk
Beef X milk

Milk X beef

Milk X milk

do
Beef and milk X milk.
Milk X beef

Milk X milk
Milk X beef

Offspring.

3 beef and milk, i milk
and beef.

10 milk.

4 beef, 14 beef and milk, 2

milk and beef.

2 beef and milk, i milk
and beef.

I milk and beef, 2 milk.

5 milk.
I milk and beef.

Do.

I milk.
I beef and milk.

FORE QUARTERS

Taurus Creamelle Henger-
veld.

Do
Do

Kayan
Lakeland 's Poet

Do
Minor crosses

:

Crossbred o
Crossbred 10

Lady Primrose's Governor
of the Fountain.

Johanna Lad Manor De Kol
Columbia 's Fox

Milk X beef

Milk X milk and beef.

Milk X milk
Beef X milk
Milk X beef
Milk X milk and beef.

Milk X milk
Beef and milk X milk
Milk X beef

Milk X milk
Milk X beef

3 beef and milk, i milk
and beef.

1 milk and beef.

8 milk.

6 beef, 14 beef and milk.

3 beef and milk.
2 milk and beef, i milk.

5 milk.
I milk and beef.

I beef and milk.

I milk.

I beef and milk.

78773°—18-
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Table XXVIII.

—

Behavior of the type of head, fore and hind quarters, and barrel, in
the parental and first filial generation

BARREL

Sire.

Taurus Creamelle Henger-
veld.

Do
Do

Kayan

Do.

Lakeland's Poet
Do
Do

Minor crosses

:

Crossbred o
Crossbred lo

Lady Primrose's Governor
of the Fountain.

Johanna Lad Manor De Kol

.

Columbia's Fox

Description of mating.

Milk X beef

Milk X milk and beef. . .

Milk X milk
Beef X milk and beef . .

Beef X milk

Milk X beef
Milk X milk and beef..

.

Milk X milk

do
Beef and milk X milk. .

Milk X beef

Milk X milk
Milk X beef

Offspring.

4 milk and beef.

I milk.
6 milk.
I beef and milk, i milk
and beef.

I beef, 5 beef and milk, ii

milk and beef.

3 milk and beef.

I milk.
I milk and beef, i milk.

5 milk.
I milk.
I milk and beef.

I milk.
I beef and milk.

HIND QUARTERS

Taurus Creamelle Henger-
veld^
Do
Do

Kayan

Do.

Lakeland's Poet.
Do

Minor crosses

:

Crossbred o.

Crossbred lo.

Lady Primrose's Governor
of the Fountain.

Johanna Lad Manor De Kol

.

Columbia's Fox

Milk X beef

Milk X milk and beef. . .

Milk X milk
Beef X milk and beef . .

Beef X milk

Milk X beef
Milk X milk and beef.. .

Milk X milk

liimX"^^^^
Milk X beef

Milk X milk
Milk X beef

4 milk and beef.

I milk.
8 milk.
I beef and milk, i milk
and beef.

I beef, 6 beef and milk, ii

milk and beef.

3 milk and beef.

I milk and beef, 2 milk.

5 milk.

I milk.

I milk and beef.

I milk.
I beef and milk.

The dairy and beef qualities are seen to be blended to a considerable

extent in the F^ offspring. Even with this blending, however, domi-

nance and recessiveness may be discerned in the crosses. The beef

qualities are, in general, quite pronounced in the head and fore quarters

of these hydrids. The dairy qualities seem to predominate in the barrel

and hind quarters. This conclusion is further supported by a study of

some exact measurements taken in various parts of the body of these

animals. While the number of cows having these measurements is

relatively small, they do show several interesting points. Taken with-

out regard for their probable errors, the head of crossbreds with Angus

blood is somewhat shorter in length and broader between the eyes than

crossbreds of the dairy breeds of the same age. The girth at the last
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rib for these Angus crossbreds is increased, as is also the width of the
brisket. The measurements of the hind parts of the body show there

is no change from the general form of the other crossbreds other than
a slight shortening of the rump.

This conclusion is not in entire agreement with the few known recorded

crosses where descriptions are given. Bruce {12) records crosses result-

ing from Dexter cattle with Shorthorns as wonderful beef animals.

Boyd {10) says of his wide crosses of bisons with domestic cattle that

the following chaiacters are dominant: A somewhat modified hump of

the bison, width of hind quarter, and width in front of the beef breeds.

Nabours {26), describing the crosses made by Borden (9) of Bos indicus

on Bos taurus says a modified hump, great increase in body size, and
dewlap are characteristic of the F^ progeny. The heavy filling in front

is characteristic for all of these crosses. Bruce and Boyd, however,

record an increase in the size and quality of the hind quarters. The
author finds no such increase in his crosses.

From his results the author may say that for the improvement of the

beef qualities of dairy breeds the first-generation crosses result in an
increased value of the beef qualities in the fore quarters without mate-
rially influencing the hind quarters.

MILKING QUALITY OF' THE Fj OFFSPRING

Since the results on the milking qualities of the Fj offspring are of

interest, as they are new, it seems well to add them to this study,

although they are as yet few in number. Tables XXIX and XXX give

the age, days in milk, production, and the production expected from
these animals when they reach their maximum at mature form. By
forming a column for the difference in excess of the parent over that of

the offspring it is possible to compare their productions and clearly

bring out the differences. This same method may also be used for both

fat and fat percentage. Tables XXIX and XXX give the results of such

treatment. The quantity and the quality of the milk are separately

treated, as it has been shown by Wilson (49-^6), Pearson (39), and
others (40) , that the quality bears little relation to the quantity of the

milk flow.

Table XXIX.

—

Transmission of milk production from parental to first filial generation

Production of daughter.
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Table XXX.

—

Transmission offat concentrationfrom parental to first filial generation

Production of daughter.
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alone appears as such a dominant. The white spots on the face (star,

star snip, and blaze), neck, shoulders, rump, flanks, and legs are, in gen-

eral, suppressed in their offspring when such animals are mated to solid

color.

(3) As has been suggested, but as has never been tested before, the

pigmented muzzle is dominant to the one not so pigmented.

(4) Agreeing with the previous work of this laboratory it is shown
that a pigmented tongue is dominant to a nonpigmented one.

(5) A black switch appears to cause the suppression of the other

switch colors in the offspring. Because of this suppression and because

all of the matings had at least one animal with a black switch as parent,

it was impossible to study the behavior of the other colors. There v/as

one case of segregation of a deep red-orange switch from a back cross of a
black animal carrying an orange coat and white switch, genetically.

This case showed the segregation of the factor for orange switch from
that for both white and black.

(6) The character of polledness has been studied. Two-horned ani-

mals resulting from crosses of polled X horned appeared. On the basis

of the other results these could have not resulted from a heterozygous

polled condition. One of these cases had the horns tight on the head
and the other loose. These cases then form exceptions to the previously

accepted hypothesis of simple dominance for the polled character and
require a subsidiary hypothesis. The hypothesis suggested is that the

testes have some action on the presence or absence of horns. Partial

proof to this hypothesis is given by the fact that of the polled animals

10 were females, 2 males, i doubtfully polled. Of those with scurs i

female and 7 males had loose scurs ; of those with tight scurs all (3) were

males; of those with horns all (2) were males. This would seem like a
clear case where the male has some influence. The explanation of this

difference appears to be due to a hormone secreted by the germ cells.

Should this prove true, this forms an interesting parallel between cattle

and sheep, in which the sex glands are known to produce such changes.

(7) The qualities of beef production are shown to be divisible into

four general regions of the body: head, fore quarters, barrel, and hind

quarters. The type of head and heavy, deep fleshed fore quarters are

transmitted to the offspring when either parent is of Aberdeen-Angus

breed. The body and hind quarters appear intermediate, but resemble

most the dairy parents.

(8) Data are given on the milk and fat production of some of the

crossbreds. The results indicate that milk and fat production behave

separately. High milk production is dominant to low, but high fat per-

centage is recessive to a low fat percentage in the milk.
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PLATE I

A.—Eventime 4th: This is a good Aberdeen-Angus cow of rather light fleshing.

Note the size of the udder as compared with that of Hearthbloom. This cow produced

2,852 pounds of milk for the year, while Hearthbloom produced only 500.

B.—Hearthbloom: The rounded blocky conformation is typical of the Aberdeen-
Angus breed. Notice the cleanly polled condition. This animal is of better beef

type than Eventime 4th.

C.—Orono Netta: Note the typical horns thrown up well over the head. The large

amount of white distributed over the coat between the red or brown areas is character-

istic of the Ayrshire breed.

(58)
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PLATE 2

A.—Lady Primrose's Governor of the Fountain: This imported bull presents the

characteristic conformation and white markings of the Gtiemsey breed . Notice the

sag in the back and the high tail set.

B.—Creusa's Lady: The illustration of this Guernsey cow is inserted to show the

large areas of white interspersed with the cream-colored hair typical of the coat of this

breed. The presence of the star is quite characteristic.

C.—This Holstein-Friesian bull is of excellent constitution and vigor. He is the

father of a good number of our crossbreds. Note that most of the white areas that

are studied individually in this paper arc present in this bull.



PLATE 3

A.—Lakeland's Poet: This Jersey bull exhibits the dark type of pigmentation at

one end of the range of coat colors characteristic of the breed. He is at the opposite

end of the range from Lassie of M. F., who shows the light type. He is the father of a

number of the crossbreds now in the crossbred herd.

B.—Lassie of M. F. : The light pigmentation of the coat of this Jersey exhibits one

end of the range of coat colors characteristic of the Jersey breed. The other extreme

in pigmentation is shown by Lakeland's Poet (PI. 3, A). The well-filled condition

of the udder is typical of this Jersey.

C.—Crossbred 6: The characteristic shape of the head and carriage of horns show

plainly the Ayrshire blood of this Fj bull from a Holstein-Friesian X Ayrshire cross.

The white markings and high cut hind legs do much to accentuate the Ayrshire

appearance.
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PLATE 4

A.—Crossbred 9: This crossbred is essentially of the beef type. The Holstein-

Friesian blood could scarcely be noticed except, perhaps, in the slightly high cut hind

quarters. The characteristic scurs of the Angus crossbred male are easily noted.

B.—Crossbred 11: This animal is distinctly an intermediate between the Holstein-

Friesian and the Jersey. The dish of the face and the thin nose and rump show plainly

the Jersey. The parallel lines of the back and belly show the Holstein-Friesian

influence.

C.—Crossbred 14: Another Holstein-Friesian-Jersey cross; this time a bull. The
pictiu-e shows that the intermediate type is transmitted to the male as well as to the

female.



PLATE 5

A.—Crossbred 15: This Fj female out of a Jersey X Aberdeen-Angus cross shows
the characteristic polled condition of the females of the Aberdeen-Angus crosses. The
body type is that of the well-fleshed Jersey rather than the Aberdeen-Angus.

B.—Crossbred 19: A typical freemartin bom twin with No. 18. The polled condi-

tion with loose bursas under the skin is interesting. The Angus blood is much more

in evidence than the Jersey, as seen especially in the rounded condition of the body
and heavy fore quarters.

C.—Crossbred 23: A Holstein-FriesianX Jersey bull, showing white hind feet and

switch. He comes from a cross the male parent of which has the marks and the female

of which is solid color. The pedigree of this female shows that she probably carries

these marks.
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PLATE 6

A.—Crossbred 38: This F2 bull comes from the cross of a black Fj bull Aberdeen-

Angus-Guemsey X Guernsey. He is solid orange in color, carries horns, the light

eye ring, and muzzle color of the Guernsey breed. The conformation resembles the

Guernsey, especially in the region of the loin, chine, and tail set.

B.—Crossbred 21: This bull is the progeny of Kayan (Aberdeen-Angus clean-

polled bull) mated with Dot Alaska (Ayrshire), Note the heavy, solidly attached

horns grown while only a year and four months old. The Aberdeen-Angus blood is

plainly seen in the heavy, beefy conformation of this bidl. The other homed animal

had horns even longer than these at this age.
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CONDITION OF FERTILIZER POTASH RESIDUES IN
HAGERSTOWN SILTY LOAM SOIL^

By William Frear and E. S. Erb

Department of Experimental Agricultural Chemistry,

The Pennsylvania State College Agricultural Experiment Station

INTRODUCTION

It has long been known that when solutions of potassium salts are

brought into contact with clayey or loamy soils, the potassium is quite

rapidly removed from solution by the soil, with or without leplacement

in the solution by other basic elements in chemically equivalent amounts;

also, that by immediate washing of the soils thus treated a large part of

the potassium they have acquired from the potassium-salt solution can

be recovered from the soil.

It has furthermore been shown by numerous investigations that, when

the potassium salt is introduced into a clay or loam soil in a solid, such

as the potash salt of a commercial fertilizer, the potassium is quite

promptly "fixed," or united with the soil soHds and made stationary at

the point of introduction; that the downward movement of the potassium

into the subsoil is relatively slight, and that the loss by drainage is

small. On the other hand, in a sandy soil the drainage loss may be

large (2).^

The testimony concerning the usefulness to crops of the potash thus

fixed in the soil, the crop increases obtained in many instances by potash

fertilization, and also the quantity of potassium taken up by the crop to

which the fertilizer has been applied is that, whether a crop increase

follows the potassium dressing or not, the crop is, in the majority

of cases adequately studied, richer in potassium than the crop grown

simultaneously upon the same soil without such fertilization. In gen-

eral, the amount of potassium taken up by the crop fertilized with potash

as contrasted with that not so fertilized is proportionally much greater

than the increase in the total potassium supply of the soil due to the

potassium dressing supplied.

1 Approved for publication, by R. L. Watts, Dean and "Director. Pennsylvania Agricultural Experiment

station.

* Reference is made by number (italic) to " Literature cited," p. 8i.

Journal of Agricultural Research.

Washington, D. C.
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There is, indeed, much evidence that the crop fertilized never takes

off potassium in amount equivalent to that contained in the usual fertilizer

dressing; nor, very often, half as much. The agricultural value of the

residual fertilizer potash is consequently a point of much economic

importance, especially in view of present prices for fertilizer potash.

The final criterion of such value is, of course, in the crop yields and their

potassium content noted at successive periods after potash fertilizing.

There are of record few long-continued field or pot studies upon this

point.

Chemical methods of soil examination are doubtless not strictly com-

parable with biological methods for determining the degree of "avail-

ability" of a plant food present in the soil, or for determining the

quantity of such material present in different degrees of availability.

They do serve, however, to determine the existence of differences in the

condition of solubility of such plant food, and in a roughly quantitative

way, the amounts present in the conditions contrasted.

PREVIOUS WORK

Numerous chemical studies of this sort have been made upon soils

representing comparatively brief periods of fertilizer treatment with

collectively small amounts of added fertilizer constituents. Few such

studies represent, however, long periods of contrasted treatments defi-

nitely maintained. Of these, that reported by Dyer (j) from the exami-

nation of the barley soils of the Hoos Field, Rothamsted, is in many
respects the most important. The treatment contrasted had continued

for 38 years, and not only the amount and composition of the fertilizers

but also the crop yields and the ash content and composition of the crops

removed, were known for two of the plots, soils from which were analyzed.

Of these two plots, No. 2A had received no fertilizer potash. No. 4A,

4,100 pounds. The potash had not largely increased the crop yields,

but had increased the potash content of the barley; so that, while the

38-year yields from plot 2A contained 984 pounds of potash, those from

plot 4A contained 2,057 pounds. The net residuum of fertilizer potash

on plot 4A was, therefore, 2,043 pounds; whereas, plot 2A had lost 984

pounds in the crops, making a net contrasted difference between the

two plots of 3,027 pounds. The results of the chemical examinations

of the two soils at the end of the 38-year period with respect to

potash are summarized as follows:
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Moreover, in five groups of plots from the same field, each with two
plots receiving no potash and two that were periodically dressed with
potash fertilizers, the soils of the potash-dressed pair invariably con-
tained more total potash than those of the nonpotash pair; with a single

exception, more potash soluble in hydrochloric acid; and in all cases
much more potash soluble in 1 per cent citric acid, the average ratio for

the nonpotash to. potash-treated soils in this last case averaging i to 9.

PENNSYLVANIA STUDIES

The soils used for the present study represent plots i and 4, Tier II,

of the General Fertilizer Experiments of the Pennsylvania Experiment
Station, which have been maintained continuously since 1881. All the

plots of Tier II were cultivated and cropped alike, the land being kept
under the common Pennsylvania 4-course rotation of corn {Zea mays),

oats (Avena saliva), wheat (Triticum aestivum), and grass (mixed timothy
{Phleum pratense) and medium red clover (Trifolium pratense). Plot i

received no dressings of any kind during this experiment. Plot 4 was
dressed biennially, for corn and wheat, with 2o<3 pounds of muriate of

potash, so that, beginning with 1881, it had received 18 such dressings,

equivalent to i ,800 pounds of potash (K^O) up to the time of the sampling

in 1 91 6, when the land was in oat stubble. The latest of these dressings

had been applied 14 months prior to the sampling.

From 1868 to 1881 the plots were used for certain cultivation experi-

ments, plot I being plowed with a common plow for corn and wheat,

plot 4 with a subsoil plow for corn, and a Michigan plow for wheat.

Both plots were, however, cropped alike and were also fertilized alike

and not at all heavily. Prior to 1868 the land was under general farm

cultivation and cropping, the two plots forming part of the same field

and doubtless ha,\nng had the same farm history.

The weight of the acre 7-inch surface layers of the two plots was
determined ^ at 22 points uniformly distributed over each plot, with de-

tails of method and result that have been elsewhere reported.^ The air-

dry (not oven-dry) weights of the respective surface 7-inch layers were:

Plot I, 2,091,662 pounds to the acre; plot 4, 2,036,449 pounds to the

acre. The probable error of these determinations was less than 10,000

pounds to the acre.

The 22 subsamples obtained in two independent series from each plot

in the course of the acre-weight determinations were supplemented by

80 other subsamples, likewise divided into two independent series for

each plot, obtained by means of a soil auger. Both sets of subsamples

were prepared in the same manner, by air-drying and sifting all of each

1 All quantitative determinations reported were, unless otherwise specifically credited, made by Mr.

Erb under the supervision of the senior author.

2 Frear. William, and Erb. E. S. excavation method for determinwg the apparent speofic

GRAVITY OF SOILS. To be published in Proc. Assoc. Off. Agr. Chem. 1917.
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subsample successively through a4-mm. and a i/20-inch (1.27 mm.) sieve.

The fine soils obtained from the latter sifting were in each case com-

posited so as to represent the four series of subsamples obtained from

each plot, and the composites were then submitted to partial analysis.

The results of this study of sampling methods have also been elsewhere

reported in detail.*

The net results for the proportion and amount of fi^ie soil (passing a

I/20-inch sieve) in the surface of the two plots, which contain a good

many cherty fragments, were

:

Plot 1. Plot 4.

Fine soil (per cent of air-dry sample) 9°- 39 9i- 59

Fine soil (pounds to the acre 7 inches) i, 890, 644 i, 865, 947

The analyses of the several series composites from the same plot show

composition differences somewhat greater than appear in duplicate analy-

ses of the same composite. These series differences are rarely more than

double the differences shown by duplicate determinations upon the

same composite. They are not of such magnitude as to approach the

differences exhibited by the analytical figures, either detailed or aver-

age, for the respective plots. For this reason the several sets of detailed

analyses are not presented in full in the present account; but, when the

repetitions of a determination upon composites from the same plot are

sufficiently numerous, they have been used, by application of the Gauss

formula, to calculate the probable error of the determination.

Because of the exceptional care employed in taking, preparing, and

compositing the samples, it is believed that the materials used for this

study are in an unusual degree representative of the soil areas from

which they were obtained.

All analytical results stated in this paper are expressed in terms of

the air-dry soil, without recalculation to a water-free basis. Deter-

minations of hygroscopic moisture made when the analytical work was

begun showed a range of 0.785 to 1.088 per cent for the eight series

composites, with plot averages of 0.816 and 0.829 per cent, respectively.

Another set of such determinations made about the close of the analytical

work showed an average increase of only 0.05 per cent of moisture in

the soils.

TOTAI. POTASH

Portions of the series composites were reduced to an impalpable

powder by grinding in an electric mortar mill of agate. The total

potash content in each was determined in duplicate by the J. Lawrence

Smith method as described by Washington (9, p. 129). The final

weights of potassium platinichlorid were ascertained by first weighing

the dried precipitate in a Gooch crucible, then washing out the soluble

1 Frear, William, and Erb, E. S. a study in son, sampling. To be published in Proc. Asset-. Ofif.

Agr. Chem. 191 7.
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salt with hot water, and again weighing, after drying at 100° C, the
crucible with its felt and any residual, insoluble impurities, of which
a small amount always appeared. The difference between the two
weights thus obtained was counted as the weight of potash salt. This
procedure was used in all other potash determinations here reported.

The results of eight determinations of total potash for each plot were:

Per cent.

Plot I, untreated 3. 82i±o. 0240
Plot 4, potash dressed 3. 54^ j; . 0134

The fact, curious at first blush, appears that the potash-treated plot

contains at this time actually less potash than the untreated plot. The
probable explanation of this condition is found in the rather high, natural

variability in composition of the soils of the general series of plots,

which has been established by other studies of these soils (4, p. 187).

POTASH SOLUBLE IN HOT, STRONG HYDROCHLORIC ACID

The method followed was substantially the old official method ^ as

prescribed for cases in which only the alkalis are to be determined

—

that is, 10 gm. of the air-dry fine soil in its natural condition of sub-

division were exposed for 10 hours on steam cups or in water bath to the

solvent action of 100 cc. of hydrochloric acid (1.115 sp. gr.), with hourly

shaking. The heavy metals and alkaline earths were thrown out of the

solution by barium hydrate, and the excess of this precipitant was
removed from the filtrate as oxalate. Each of the precipitates was
washed with from 600 to 700 cc. of warm water to insure the complete

recovery of the alkalis therefrom. All subsequent details of procedure

designed for determining the sodium in the solution were omitted.

It is a matter of common experience that, of all the more abundant

soil elements, potassium reacts most sensitively to the conditions of acid

solution. Hilgard (6, p. J42) has emphasized this fact, and Frear and
White (4, p. 187) have demonstrated it for the potash m the soils of the

general fertilizer tract.

The temperature condition is especially influential upon the rate of

solution for this constituent. In the first set of these determinations

the dissolving flasks were heated on steam cups. While the solutions

obtained gave in most cases fairly concordant duplicates, in others the

differences between duplicates were equal to fully 20 per cent of the

potash dissolved. These differences are attributed to inequalities of

the temperatures maintained on the different cups, and in part also

to the differences in the agitation of the liquids on different cups.

Anothet set of determinations was made later, in which the dissolving

flasks, provided as in the former set with reflux condensers, were sus-

' Report op Committes on Editimg Tb."*tativ8 and Official Methods of Analysis [.\ssoaA-

TioN of Official Agricultural Chemists], p. 24-25. 1916.
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pended in a water bath to such depth that the level of water in the

bath was somewhat higher than that of the acid in the flasks. The water

was at boiling temperature (about 99° C.) when the flasks were intro-

duced, and was so maintained during the solution process. The water

level in the bath was maintained by frequent, small additions of water,

and the flasks given a rotary shaking each hour. The bumping of the

bath insured, however, a constant agitation of the soil patricles in the

acid solvent. The maximum difference between duplicates observed

when this solution method was followed was equivalent to no more than

3 per cent of the potash dissolved.

Plot and treatment.
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FiyASK METHOD.—A lo-gm. portion of the soil was heated with i ,000 cc.

of freshly boiled and cooled distilled water in an electric oven at 40° C.

for five hours, with vigorous shaking at hourly intervals. At the end of

the heating period the solution was filtered quickly away from the undis-

solved soil, and freed from suspended silt and clay by repeated filtration.

The entire filtrate, after it had been freed from visible suspended matter,

was concentrated by evaporation. To destroy the dissolved organic

matter, the solution was evaporated to dryness, ignited, and the residue

taken up with dilute acid. The determinations of potash were made
gravimetrically as in the preceding solutions, but with highly variable

results. Although the results from the respective soils, obtained by
five repetitions for plot i and eight for plot 4, were

—

Percentage of

potash (K2O).

Plot I, untreated o. 0032 ±0. 0003

Plot 4, dressed with potash 0049± • °<3o6

the ranges of variation were, for plot i, from 15 to 46 parts of potash per

million of the soil, and for plot 4, from 17 to 75 p. p. m.

PERCOiyATiON MBTHOD.—For this method 50-gm. composites for each

plot were gradually filled into "J/i-mch. percolation tubes, closed below by

means of a double paper filter reenforced by a linen filter firmly bound

around the lower end of the tube. The soil was lightly tamped as it was

filled into the tubes, so thot in each case the dry soil column had a final

depth of 2)H inches. The distilled water was delivered from a Bunsen

bottle suspended over the tube at such rate as to maintain a i-inch water

head above the level of the light, acid-extracted asbestos wad placed over

the soil to secure uniform entry of the liquid into the soil column and to

prevent spattering and superficial packing of the soil. Four such tubes

containing duplicate portions of the two soils were supported side by side

at room temperature (about 21° C), under like evaporation conditions,

and the percolation was continued until 500 cc. of percolate had been

obtained from each. The times required for the percolation differed

somewhat.

The percolates were filtered until free from clay, and potash was then

determined as in the preceding solutions, with the following results:
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Clay separation water.—For a purpose stated later, a mechanical

separation of the clay from these soils was made in the following manner

:

Six hundred gm. of the air-dry fine soil was shaken with about 2 liters

of distilled water in a rotary shaker for eight hours. After the suspen-

sions thus obtained had settled overnight, the clayey liquor was carefully

siphoned off. The soil residues were then thoroughly agitated with a

fresh portion (1,5 to 2 liters) of distilled water, then allowed to stand until

the particles of more than 0.005 mm. in diameter had settled out, when

the new clay suspension was siphoned off. This washing process was re-

peated for 10 days. Even then not all the clay had been removed from

the coarser soil members. The volumes of the combined washings were,

for plot I soil, 16,710 cc; for plot 4, 18,530 cc.

To remove the clays from these suspensions they were allowed to stand

for two days, by the end of which five-sixths of the clay had settled out.

The overlying liquors were carefully drawn off, and the clay still remaining

in suspension in the liquor was almost completely removed by flocculation.

The flocculating material first used was ammonium chlorid. This was

added in 5-gm. portions previously dissolved in a little distilled water,

and thoroughly stirred through the liquor.

In the case of the suspension from plot i soil, flocculation began shortly

after the addition of two portions, or 10 gm., of the flocculant; but three

portions, or 15 gm., caused no appearance of flocculation in the suspension

from plot-4 soil. This liquid had the appearance which slight alkalinity

gives to clay suspensions, although rather sensitive pink litmus gave no

alkaline reaction when moistened with it. The addition was tried, there-

fore, of concentrated hydrochloric acid, drop by drop, with stirring after

each drop had been added. Upon the introduction of the tenth drop,

flocculation began rather sharply, so that the addition of the acid was

discontinued.

The liquors drained off from these flocculated clays were still faintly

cloudy, and separated a little clay on long standing.

Of the washings from plot i, 14,530 cc, and of those from plot 4, 13,030

cc, were withdrawn, filtered, evaporated to dryness, and the evaporation

residue ignited to get rid of organic matters and ammonium salt. The

ignited residues were moistened with acid, taken up with hot water,

filtered, and subjected to analysis for potash by the method already

described.

The quantities of potash found in the total wash waters were

:

Percentage of soil.

Plot I, untreated o. 0038

Plot 4, dressed with potash 0087

In view of the differences in method of treatment, in proportion of

soil to water, and in duration of the exposure of soil to solvent, it is

remarkable that the quantities of potash removed by water were in all

cases so nearly the same for the respective soil samples.
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POTASH SOLUBLE IN CARBONATED WATER

The quantities of soils used and arrangement of apparatus were sub-

stantially the same as those in the percolation with distilled water.

The principal modifications consisted in ( i ) the delivery of water charged

with carbon dioxid at air pressure and room temperature by means of a
continuous current of the gas passed through the water in the Bunsen
bottle; and (2) the closing of the top of the percolator tube by means of a

one-hole rubber stopper, to prevent loss of the gas from the apparatus

at that point.

The percolations were continued until in each case 500 cc. of percolate

had been extracted. The linen filter was washed in both percolation

tests with a spray of water to remove any soluble film that might have

been deposited by evaporation of the percolate. The washings were

added to the latter.

The usual analytical procedure was followed, with these results, in

terms of the air-dry soil:



68 Journal of Agricultural Research Vol. XV, No. 2

with that of distilled water. The results, in terms of air-dry soil, ob-

tained with a sample from plot 4, were

:
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thus extracted a second time, with a recovery (net) of 0.00190 per cent
of potash in the second extract.

It happens that the quantity of potash removed by the two extrac-

tions of the soil from plot 4 was practically the same as the amount
removed by a single extraction with ammonium-chlorid solution of

normal concentration.

Summary offine-soil potash solubilities

Treatment of potash.

In terms of air-dry fine

soil.

In terms of total

potash.

Plot.

Total
Soluble in hot (1.115 sp. gr.) hydrochloric

acid, 10 hours, 1:10

Soluble in warm (40° C.) NI5 hydrochloric
acid, 5 hours, i :io

Soluble in distilled water:
Flask method, 5 hours 40° C, 1:10

Flask method, highest results

Percolation method, 21° C, 1:10, 4 to 6

days
In water from clay washing

Soluble in carbonated water by percolation,
21° C, I :io, 2 to 5 days

Soluble in Nj^ ammonium-chlorid solution,

5 hours, 40° C, 1:10:

First extraction
Second extraction

Per cent.

3.821

.3687

.0143

.0032

. 0046

.0045

.0038

. 0076

0094
0020

Per cent.

543

4072

0301

0049
0075

0080
0087

0140

0187
0021

Per ce7it.

ICO. 000

649

374

084
120

118

099

199

246
052

Per cent.

100. 000

11-493

.850

.138

. 212

. 226

. 246

•395

.528
•059

In general, only about one-tenth of the potash of these soils can be

extracted from the fine soil in its natural state of subdivision by strong,

hot hydrochloric acid acting at the temperature of boiling water for a

period of 10 hours, when 10 cc. of the acid are used for each gram of

the soil.

When the conditions of solution are closely maintained, the potash

of the potash-fertilized plot is almost one-fifth more soluble in strong,

hot acid than that from the untreated plot.

When mild solvents are used to extract the potash, the differences in

the condition of this element in the two soils are much more pronounced.

The solubility of the potash in the potash-fertilized plot is from 1.5 to

2.5 times greater than in the untreated plot.

The similarity of the ratios between the percentages of potash dissolved

from the two soils by the respective mild solvents, distinctly suggests

identity in the nature of the materials acted upon in the soils by these

solvents. On assuming that water and its solutions of carbon dioxid

and of ammonium chlorid act only upon those potassium compounds of

the soil that weak hydrochlorid acid can attack, and expressing the
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amounts of potash dissolved by the former as percentages of the entire

amount dissolved by the iV/5 ac'd, and in this comparison taking as

typical of the water action the lesults obtained by percolation, because

they are internally the most consistent, the percentages thus computed

are:

Treatment of potash.
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The net results of the separations were:

Group.

Clay, air-dry

Nonclay, air-dr>^

Solution and mechanical losses

Total

Plot I . untreated.

Weight.
I
Per cent.

70

19

II. 67

85-17
3. 16

600

Plot 4, potash-dressed.

Weight.

Gm.
66

517
17

600

Per cent.

II. 00
86. 17
2. S3

For a check upon the accuracy of the foregoing results obtained by
the separatory treatment of relatively large quantities of soil, mechanical

analyses of grand composites of the series composites for the respective

plots were made by Mr. Walter Thomas, of this laboratory, using the

Bureau of Soils methods and types of apparatus, upon 6-gm. portions

of the fine soils. His results were:

Fine gravel . . .

Coarse sand . . . .

Medium sand. .

Fine sand
Very fine sand.
Silt

Clay
Ignition loss . .

Group. Diameters.

Millimeters.

-I

5 - -25
25 - .1

I - .05
05 - . 005
005- . O

Plot I.

Per cent.

16

99.99

Per cent.

33
2.81
2. 90
.70

14. 05
63.46
10. 24
6.06

100. 55

These percentages differ somewhat from those reported earlier by

Brown and Skinner (/, p. 30) for the surface soils of these plots, who found

in brief:

Group.
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The two soils are practically alike in their proportions of the mechanical

components. The observed difference in the apparent specific gravity

of the soils is probably the consequence chiefly of some unlikeness in

the arrangement of the constituent soil grains.

THE CLAYS

The characters of the separated "clays" were distinctly claylike.

When moist, they had a putty-like consistence; and, when dried, were

hard and broke with a gluelike fracture. Microscopic examinations of

the suspensions before the final sedimentation showed that most of the

particles, visible under a one-twelfth objective, had diameters less than

0.0025 mm.
Portions of the clays were analyzed by the J. Lawrence Smith method,

with these results, in terms of the amounts of clay

:

Percentage
of total potash

in clays.

Plot I , untreated 3- 3 10

Plot 4, dressed with potash 3. 137

The clay from plot 4, as with the entire fine soil, contained less potash

than the corresponding fraction of the plot i fine soil. In each case,

however, the clay contained a less percentage of potash than appeared

in the total fine soil.

THE NONCLAYS

The total potash in the washed nonclays was not determined directly.

Computed by difference, the percentages are, in terms of the amounts

of nonclays

:

Percentage
of potash in
nonclays.

Plot I, untreated 4. 027

Plot 4, dressed with potash 3. 701

SOtUBIUTlES OP THE POTASH OF THE WASHED CLAYS AND NONCLAYS IN N/j AMMONIUM-
CHLORID SOLUTION

The washed clays and nonclays thus separated and air-dried were

treated in 50-gm. portions with 500 cc. of N/j ammonium-chlorid solu-

tion for five hours at 40° C, with hourly shaking, and the resultant

solutions were immediately filtered off and analyzed for potash. The
results are stated below in terms of the total weight of clays and nonclays,

respectively

:

Plot I, Plot 4,

Potash dissolved from

—

per cent. ppr cent.

Clay, washed o. 0352 o. 0408

Nonclay, washed 0041 . 0050
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We may safely conclude from these studies that, although the clays

are not so rich as the nonclays in total potash, weight for weight, they

yield to weak solvents from six to eight times as much of this element

during a short period of time. It is also clear that, while both fractions

of the potash-dressed soil are richer in soluble potash than the corre-

sponding fractions from the unfertilized soil, the clays differ in this par-

ticular much more than the nonclays.

The percentages of the total potash in these washed clays and non-

clays that are removed by the ammonium-chlorid solution are:

Plot I,
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we are faced with the apparent fact that the potash of the clay is much

less soluble, in proportion to the quantity directly exposed to the solvent,

than that of the nonclay. This would tend to negative, at least for

these two soils, the widely held theory that the soil particles are covered

with a fairly homogeneous celloid coating from which weak solvents take

up most of the materials they gain from the soil in a short time after

they begin to act upon it; or else, it must be assumed that such coatings

are much thicker on the nonclay than on the clay particles.

Item.
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belonging to Tiers in and IV, of the same General Fertilizer Experiments.
The former of these sets of analyses was made by Pingree (8), using
the oat crop harvested in 1 904 from Tier IV. The second set is composed
of unpublished analyses made by senior students of the Department of
Agricultural Chemistry of The Permsylvania State College under the
direction of Dr. C. W. Stoddart, who has kindly permitted the use of
the results obtained. This second set of analyses represents the crops
of a complete rotation, 1910-1913, from plots i, 14, 26, and 36 (untreated)

collectively, and from plot 4, dressed with potash, all of Tier III.

The following is a condensed summary of these crop analyses, with
respect to the potash found

:
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FATE OF THE FERTILIZER POTASH APPLIED

For an exact statistical allotment of the i,8oo pounds of potash

applied to plot 4 from r88i to 191 6, inclusive, there would be required a

number of data wliich tlie previously related studies have not furnished.

We know that there is little loss or gain of the surface soil of this plot

by erosive influences. The drainage is reasonably free, but there is

no water table, for the drainage waters creep along the faces and through

the crevices and seams of the limestone rocks that lie only a short

distance beneath the surface. It has not been practicable, therefore, to

collect and examine the drainage water lost from these two plots so as

to determine the amounts of potash they severally lose through that

channel. The general composition of drainage waters does not suggest

that this loss can be large.

We have, moreover, no entirely satisfactory notion of the potash

transfers from surface to- subsoil on these plots. lyittle downward

movement is indicated by the data at hand.

A crude approximation of the fate of the fertilizer potash is possible,

nevertheless, from the data in hand if the losses by subsoil and drainage

are treated as relatively small, and therefore neghgible for the purpose

of the computation.

The total yields (in pounds) to the acre, 1881-1916, for the respective

rotation crops were, according to data supplied by Prof. C. F. Noll, of

the Department of Agronomy of this Station

:
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Crop.
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That is, the plot dressed with potash now contains, despite the fact

that it received 50 pounds of potash a year, about 6,000 pounds less

potash than the untreated plot. These differences in potash content of

the two plots are doubtless due to their geological rather than their agri-

cultural history. Their initial differences in potash content unsuit these

two soils for any direct statistical comparison.

We may, however, assume that if plots i and 4 had had the same potash

content at the outstart of the experiment and the same treatment since

then the percentage proportion of this potash soluble under the condi-

tions here studied would have been alike. To estimate the present differ-

ences in potash condition so as to exclude the influences of geological

history and to represent only the effects of the differences in agricultural

treatment, the respective solubility percentages for the potash in the

contrasted plots are used as the quality factors and the present total

potash in the plot 4 surface soil as the quantity factor. The present

potash supply in the latter plot is slightly greater than it would have

been if the potash additions had not been made. The residue of these

additions is certainly not greater than 1,371 pounds, or approximately

2 per cent of the present potash stock. The influence of this amount

upon these admittedly crude approximations has been deemed too slight

for consideration in this computation. The potash weights thus com-

puted to the acre are:

Treatment of potash.

Total potash
Insoluble in hot, strong hydrochloric acid ( i . 1 1 5 sp. gr.

)

in 10 hours
Soluble in 10 hours
Soluble in N/5 hydrochloric acid, 5 hours at 40° C
Soluble in distilled water
Soluble in carbonated water
Soluble in N/j ammonium-chlorid solution

Untreated
soil.

Pounds.

66, no

59> 731

6,379
247
78
132

163

Potash-
dressed

soil.

Pounds.

66, no

58, 512

7,598
562

149
261

349

Excess in
potash-
dressed

soil.

Po^inds.

1,219

315
71

129
186

It has already been observed that the natural stock of potash in the

untreated soil is high. At the annual rate of removal in harvested crops

for 1910-1913, the total supply would last 3,500 years, and that soluble

in strong hot acid about 350 years. Even the quantities soluble upon a

few hours' exposure of the soil to weak solvents would suffice for a num-

ber of years: The water soluble, 4 years; carbonated water soluble, 7

years; weak ammonium chlorid, 9 years; weak, warm acid, 13 years.

Vigorous crops of normal quantity would, of course, remove more potash,

but even for such growths the amounts readily soluble in the more or

less carbonated soil moisture should amply suffice, judging from the

observed solubility proportions. Experience on these lands has amply
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demonstrated that only after years of normal crops have been removed
is there any evidence of crop benefit by reason of potash applications.
The amounts of soluble potash in the soil that was dressed with po-

tassic fertilizer are, no matter how weak the solvent used, relatively
much greater than are found in the untreated soil. This fact, together
with the composition of the crops grown on the respective lands, war-
rants the conclusion that the potash dressings remain, at least in part,
readily available for some years after the application. The excess
soluble in water corresponds to 1.4 times the annual addition; in carbo-
nated water, 2.6 times; in weak solution of a neutral salt, 5.2 times;
and in weak, warm acid, 6.3 times.

It is a curious coincidence that the excess of potash dissolved by hot,

strong acid from the soil dressed with potash lacks very little of being
equal to the amount of this element added, 1881-1916, less the excess
quantity removed from plot 4 in the crops harvested (1,800-430= 1,370
pounds). That this closeness of agreement is merely a coincidence must
be evident from what has already been remarked concerning the large

efifects upon the strong acid extraction of soil potash that are observed
when the time or temperature conditions are slightly changed. Frear

and White {4, p. 187) have reported, from analyses of the sod lands ad-

jacent to and intersecting the tiers of plots under the general series of

experiments, that while the Association method of acid treatment re-

moves somewhat over 8 per cent of the potash of these sod-land surface

layers, Hilgard's method, which requires a 5-day instead of a lo-hour

treatment, increases to 22.7 per cent the proportions of the total potash

removed.

Finally, it should be noted that, although the crops harvested from
plot 4 removed only two-ninths of the fertiHzer potash applied, only

three-eighteenths of the quantity applied remains in such condition that

it can be readily dissolved by warm, weak acid. These quantities leave

eleven-eighteenths of the applied amounts to be otherwise accounted for.

The figures for potash soluble in strong acid do not indicate that much
of this potash, except what the harvested crops took away, has been re-

moved from the surface soil. Most of it remains there in rather diffi-

cultly soluble condition. In other words, the residual potash tends to

assume, in large part, a condition of relatively slow availability. Con-

cerning the time relations of this change, little is known. Gilbert (5)

remarked a similar change in the solubility of the residues of fertilizer

potash in the loam soil at Rothamsted.

SUMMARY

A-companson, as to the condition of the potash in a Hagerstown silty

loam soil which has in the past 36 years received, in 18 equal biennial

dressings, 1,800 pounds of fertilizer potash, with that in a neighboring
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portion of the same soil which has, during the same period, received no

fertilizer addition of any kind, but which has been tilled and cropped the

same, gives the following results:

(i) The proportion of the potash dissolved by strong, hot acid is some-

what greater where the potash dressings have been used. In weak

solvents (distilled water, carbonated water, weak solution of ammonium
chloiid, and N/^ hydrochloric acid) twice as much potash is dissolved

in a short time at moderate temperatures from the fertilized soil as these

solvents take, under the same solution conditions, from the unfertilized

soil.

(2) Of the w^eak solvents named, the TV/j acid dissolves the most

potash. The quantities of this element dissolved by the other weak

solvents, differ, of course, with the solvent; but each forms in each soil

the same percentage proportion of the amount dissolved by the N/^

acid—that is, the solvent effects are parallel.

(3) The potash dissolved upon a second extraction with ammonium-

chlorid solution is very much less than is dissolved by the first extraction

with this solvent, and the quantities are practically the same for each

soil; whereas that removed by the first extraction from the soil dressed

with potash is twice as great as the amount taken from the unfertiUzed

soil.

(4) The clays and nonclays of these soils, after separation by sedi-

mentation in water, show the following characteristics as to potash

content and solubility : The clays contain less potash than the nonclays.

The clay of the potash soil is richer in potash than that of the unfertilized

soil. The same is true, but in less degree, of its nonclay fraction. Unit

weights of the clays give up much more potash to ammonium-chlorid

solution than unit weights of the nonclays. Both fractions of the

potash-dressed soil exceed those of the unfertilized soil in this respect,

but the clays much more than the nonclays. Unit surface areas of the

clay particles, as conventionally calculated, give up much less potash

to the solution than equal surface areas of the nonclays. This may,

however, be due to a reduction of free-clay surface to less than the con-

ventional area by cementing of the particles in drying, or because of the

flocculating influence of the saline solvent used.

(5) The soil is naturally rich in potash, and potash dressings cause

little or no crop increase. These dressings are followed, however, by an

increase in the amounts of potash taken up by the crops. Five crops

examined all show this increase. On the average "for a rotation, the

crops harvested from the land dressed with potash carry off in a given

weight of harvest, 40 per cent more potash than a like harvest weight

from the unfertilized land contains—that is, both chemical solvent and

plant agiee in indicating a higher availability for at least part of the

potash in the potash-dressed soil. Moreover, the crops grown the
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second year after the application show a greater potash excess than those

to which the potash fertiUzer is directly applied.

(6) On crediting the fertilizer potash with the excess only of the

potash in the crops from the fertilized soil, the crops have used not more
than one-fourth of the potash dressings applied, leaving a residue of

1,300 to 1,400 pounds of fertilizer potash to be otherwise accounted for.

The higher solubility in weak solvents of the potash in the fertilized

soil accounts for enough of this residue to correspond to crop requirements

through a few years. The larger amount of potash dissolved from the

fertilized soil by strong, hot acid accounts for practically the entire

residue, but the close correspondence in potash quantities here observed

is doubtless an accident due to the particular conditions of temperature

and duration of solvent action maintained.

(7) Taken as a whole, the conclusion is warranted that much of the

potash applied as fertilizer remains in the surface soil in a state highly

available to crops; that most of it remains there in a condition of lower

availability, and that the losses by drainage have probably not been great.
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HARDENING PROCESS IN PLANTS AND DEVELOPMENTS
FROM FROST INJURY ' '

By R. B. Harvey

Assistant Pharmacognosis f, Office of Drug-Plant, Poisanous-Plant, Physiological, and

Fermentation Investigations, Bureau of Plant Industry, United States Department of

Agriculture

INTRODUCTION

Hardening plants to resist fiost injury is a well-established practice.

The physiological basis for this practice and the mechanism of frost

injury have formed an interesting chapter in plant physiology, for it

seems that the more commonly understood physical phenomena play an

important r61e in determining the resistance of plants to frost. In the

resistance of a plant to freezing the relative importance of such factors

as undercooling of the tissue, the freezing point of the cell sap, and the

precipitation of proteins is much disputed, owing probably to the fact

that different plants have been investigated by the various authors.

In the investigation reported in this paper experiments were made
to determine the physiological changes found to occur under this treat-

ment in such plants as cabbage (Brassica oleracea capitata), and tomatoes

(Lycopersicon esculentum)

.

The method of hardening commonly used is to expose the succulent

plants in coldframes for a week or more to temperatures somewhat

above the freezing point.

REVIEW OF LITERATURE

The mechanics of the process of ice formation within tissues have been

investigated by Duhamel and Buffon {9)} They ascribed frost injury to

rupture of the cells by growing ice crystals. Goppert (12) and Sachs

{42, 43), however, found that ice formation takes place mostly in the

intercellular spaces, and hence rupture of the cells does not cause injury

from freezing. Miiller {37, 39) reported that ice formation within the

cell takes place only on rapid cooling and that ice formation within the

tissue was necessary to produce a true frost injury. Wiegand {48, 49)

observed microscopically the point of first formation of ice crystals and

their increase in size in the intercellular spaces.

1 In the latter part of 191 5 the work here presented was undertaken at the suggestion of Dr. R. H True,

Physiologist in Charge of Plant Physiological Investigations, to whom the writer owes much for advice

and direction. The writer i,s also indebted to Dr. WiUiam Crocker, Dr. S. H. Eckerson. Dr. F. C. Koch,

and other members of the faculty of the Hull Biological Laboratories of the University of Chicago for

instruction and for the use of equipment at that institution.

2 Reference is made by number ( italic) to " Literature cited," p. 108-ni.

Journal of Agricultural Research, ^'"' ^^'- '^o- '

Washington. D. C. ""^t- "»• '9''*

p. Key No. 0-158

(83)
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Undercooling was found by Mez (jj) to be a factor of great importance

in frost injury. Where ice formation occurs at once, the lower tissues

of trees are protected by the poorly conducting layers of frozen tissue on

the outside. Voigtlander (47) showed that, owing to the continual

movement of plants in the wind, but little undercooling of the cell sap

occurs in nature.

A mechanical effect of ice formation upon the plasma membrane has

been ascribed by Maximow {30, 31, 32) as a cause contributing to the

frost injury of cells. He stated that the osmotic properties of the

plasma membrane are changed by freezing, beipg supported in this

opinion by Chandler (5).

MoHsch (j6) and Miiller (57, 39) ascribed frost injury to the withdrawal

of water from the plasma membrane, and with this view Maximow partly

agrees. The former authors did not follow the effect of desiccationfarther

than to state that the injury is due to the withdrawal of water during freez-

ing. The processes of freezing, desiccation, and plasmolysis werefound to be

analagous in their effects upon the cell by Matruchot and MolHard {28, 29).

The analogy of these processes is further indicated by the work of Greely

Gorke (jj) advanced the idea that frost injury is due to the precipita-

tion of proteins through salting out. He considered the concentration

of the salts of the cell sap on freezing to be sufficient to precipitate

irreversibly the proteins in solution in the cell sap and to cause similar

changes in the protoplasmic gels. He considered the effect of the in-

creased concentration of acid salts to be small, however, and insufficient

to account for the precipitation. He was supported in this statement

by later workers, including Schaffnit (44) and lyidforss {23). Voigtlander

(47) doubted that the salting out of the proteins accounts for frost

injury. Chandler (5) maintained that protein precipitation does not

occur to any significant degree. He found that plants increase in hardi-

ness when given nutrient salts in abundance, while, in accordance with

Gorke's (13) theory, these plants should be more easily injured, owing to

the increased salt content of their cell sap. It therefore appears that

some factor other than salting out is necessary to account for the injury.

The accumulation of sugars and consequent increased depression of the

freezing point of the cell sap was observed by Miiller {38) in plants ex-

posed to low temperatures. The effect of this increased content of sugars

was followed by Lidforss {23), Schaffnit (44), Kovchoff (21) and Bar-

tetzko (z) . All of these authors agree in ascribing to sugars an important

role in the prevention of protein precipitation owing to its protective

effect for colloids.

The lesser injury from freezing shown by hardened plants was ascribed

by Gorke (zj), Schaffnit (44), and Bartetzko (z) to changes in the proteins.

Schaffnit thought these changes consisted in a cleavage of the "high
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molecular" forms of the proteins to simple forms, which are not so easily

precipitated by the salting-out process.

In the plants which have been tested in this study all of these factors

seem to play a part. In addition to these, there appears another im-

portant factor, which for the most part has been disregarded, the change
in the actual acidity or hydrogen-ion concentration of the plant juice

on freezing. It seems that this factor supplies the deficiencies of the

other factors in explaining frost injury.

FIRST INDICATIONS OF FROST INJURY AND THEIR DEVELOPMENT IN
CABBAGE AND TOMATO

The first indication of frost injury in the herbaceous plants which have

been observed is in the appearance of injected areas. Where the ex-

posure to low temperature has been of short duration, these areas appear

as isolated dots over the surface of the leaf, as is well shown by cabbage

and tomato (PI. 7) ; and occasionally along the stem also, observ'ed on

sunflower (Helianihus annuus). The injected spots when observed by
transmitted light are more transparent than the remainder of the leaf.

The transparency is due to the displacement of air, which is ordinarily

present within the intercellular spaces of the spongy parenchyma, by
water which has been withdrawn from the cells during the process of

freezing. It was shown by Sachs {42, 43) that in the process of freezing,

water passes out from the protoplast and freezes in the intercellular

spaces. On thawing, this water is then left in the intercellular spaces

until such time as it is evaporated or reabsorbed by the cells which have

been plasmolyzed by freezing. Under certain conditions it requires con-

siderable time for the protoplast to return to its former position against

the cell wall and to regain its turgidity.

The tomato leaf does not survive ice formation in the tissue; conse-

quently the injected spots appear as brown areas after a few hours.

Sections of these spots made immediately after freezing show a collapsed

condition of the palisade cells (PI. 8, A). The collapse of the palisade

causes depressions in the leaf surface, and these areas dry up after a

few days. Death of the injured cells produces the spotted appearance

shown in the leaf at the left of Plate 7, B. The celb around these areas,

although exposed to the same temperature, show no injury because there

was no ice formation. The effect of short exposures to low temperature

appears to be nil, the injury being an accompaniment of ice formation.

Voigtlander {47) has previously shown that there must be ice formation

in the tissues to produce frost injury.

MECHANISxM OF FREEZING

The undercooling of the cell solution is a factor of great importance

in the resistance of cabbage to freezing. Those plants which have the

most bloom on the leaf surface are most resistant to the formation of
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ice within the tissue. Cabbages which are well covered with wax show
no indications of freezing after several hours' exposure to a temperature

5 degrees below that at which ordinary plants show ice formation.

When one considers the physical mechanism of freezing in the leaf,

the cause of the resistance is found to be this coating of wax. In the

natural state moisture is usually present on the surface of leaves, even

though in minute quantities. This may be deposited by condensation

from the surrounding atmosphere. In cooling down to only slightly

below zero this water freezes, for the plant is seldom motionless enough

to allow much undercooling, as shown by Voigtlander (47). In plants

which have but little wax greater amounts of moisture stick to the leaves,

while those covered with wax are not wet. This can be observed if

such leaves are immersed in water. Those with a thick coating of wax
have a bright silvery sheen, owing to the lack of wetting of the leaf sur-

face. If the wax is rubbed ofiF, the surface then becomes wet and loses

its ability to form a mirror surface.

Water which freezes on the leaf surface serves to inoculate the under-

cooled solution within the leaf; in fact, the injected spots observed

are caused by this inoculation. When once begun, the freezing process

is transmitted rapidly through the undercooled leaf tissue, and the

frozen spot enlarges until the whole leaf may be frozen. That water

on the surface may cause the inoculation is easily shown by placing a

drop of waler on the leaf and exposing it to — 3° C, when the area beneath

the drop will be found to freeze first and show injection. Inoculation

probably takes place through stomata or through cracks in the wax and

will take place less frequently if the wax is thick.

Bigelow and Rykenboer (2) have recently shown that a very great

undercooling can occur in capillar}' tubes. Stomata and cracks in the

waxy covering of the leaf are of small enough dimensions to allow con-

siderable undercooling without ice formation taking place through them

to inoculate the tissue beneath. It would appear consequently that

where inoculation occurs the openings are largest.

Freezing in spots is of common occurrence in plants. It has been

observed to occur on cabbages when they are exposed to frost in the

open. The injected areas have been produced on various greenhouse

plants, including begonia, salvia, geranitun, coleus, bryophyllum, lettuce,

sunflower, hydrangea, and Aucuha japonica.

Unhardened cabbage leaves survive ice formation within the tissue

when the injected area does not cover too great a part of the surface.

Only slight plasmolysis can be observed in sections of the injected spots

in this case. On fixing with acid alcohol (Camoy's solution) cabbage

leaves which have been frozen in spots, large masses of spherocrystals

were found, quite sharply limited to the injected areas and often not to

be found in the rest of the tissue. These crystals (PI. 8, B) appear to be
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calcium malophosphate. Evidence of the identity of this substance
is given by the spherocrystalUne form {46) ; its reaction with ammonium
molybdate and magnesia mixture, showing the presence of phosphates;

replacement of the spherocrystals by gypsum crystals on treatment with

dilute sulphuric acid; carbonization on treatment with concentrated

sulphuric acid; slow solubility in water; solubility in saturated solu-

tions of dicalcium and tricalcium phosphate and insolubility in saturated

monocalcium phosphate. Crystals of maleic acid were obtained by
microsublimation from cabbage leaf. After fixing in Carney's solution

these crystal patches are to be found in great abundance in the older

leaves, which are not frozen as easily as the leaves up to an inch in

length. The crystals are more abundant in hardened than in nonhardened

cabbage leaves of the same size. Precipitation of the malophosphate

in the injected areas seems to be caused by greater concentration there,

owing to some effect of the freezing. Since Carnoy's solution kills the

tissues very rapidly, it is not probable that a diffusion from the sur-

rounding tissue into these spots would occur to any great extent.

GROWTH DEVELOPMENT IN THE INJECTED AREAS

On standing at room temperature for a few minutes the injected areas

of cabbage often disappear, and no trace of them can be seen for two

or three days after freezing. At about the third day the spots again

become evident as slightly raised areas sharply defined. The raised

portions are a little lighter in color than the rest of the leaf. A decrease

in the number of chloroplasts in these areas gives the leaf a mottled

appearance. Similar conditions have been observed by Ritzema Bos

{41) on other plants of this genus (Brassica napus) as a result of frost

injury. The young intumescences grow very rapidly for 10 days or

more and may reach a relatively enormous size, showing in section

a thickness many times that of the normal leaf. They are often of

a circular shape, but they may have any shape, corresponding to the

coalescence of the injected areas as they increase in size (PI. 9). When
a large portion of the tissue is injected, it is difficult to keep the entire

leaf from dying, but death may be prevented by placing the plant in a

saturated atmosphere. The entire leaf may be a mass of intumescences

so that it is rolled and thickened in all manner of shapes. The swell-

ings occur along the veins of the leaf more abundantly than over the

remainder of the leaf surface (PI. 9, B), although the portions about

the veins seem no more liable to injection than other parts.

In section the tumors when about 4 days old are seen to consist of

enormous cells with large nuclei (Pi. 8, C). These large cells are often

bi- or tri-nucleate, a condition commonly observed in pathological condi-

tions. The walls of these cells are quite thin, and large vacuoles appear

in the protoplast. The peculiar large cells recall the pathological
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condition of cells recently found by Samuels ^ to accompany the process

of precipitation of raphides of calcium oxalate.

Quite often in older intumescences there seems to be a return to the

meristematic condition in certain cells, so that a cambium-like layer

is formed which pushes out conical-shaped rows of cells to form the tumor

(PI. lo, A). After two weeks' growth the tumors begin to die back, and

infection may occur (PI. 10, B). Before this time no bacteria have been

observed in the formation of the tumor.

Growth is sharply confined to the area injected and does not spread to

the other cells. Such limitation would hardly be the case if bacteria were

concerned in the growth stimulus. The growth is not due to any condi-

tion peculiar to the cabbages used, for identical growths have been ob-

tained during different years. Similar intumescences have been pro-

duced from frost-injured spots on the leaves of Bryophyllum calicynum.

Small growths have also been observed to be produced from injected

areas on the leaves of lettuce and salvia. The cells of injected areas of

hardened cabbage leaves are not stimulated to growth by moderate freez-

ing. Since plasmolysis of the cells occurs in this case, as well as in the

cells of nonhardened plants, it appears that plasmolysis alone is not the

cause of the growth stimulus.

Young intumescences contain large quantities of dextrose, much more

than the ordinary leaf cells. Levulose is present in only small quantities,

if at all. When heated with Fehling's solution, an abundant precipitate

of cuprous oxid is formed in the tumors, giving them a reddish color.

Starch and tannins are absent from the hypertrophied areas.

PEROXIDASE CHANGES IN THE INJECTED AREAS OF CABBAGE LEAVES

A lot of cabbage leaves were spotted and placed in the greenhouse to

allow the development of tumors. From time to time samples of the

spotted leaves were tested for peroxidase. Tetramethylparaphenylene-

diamin in 60 per cent alcohol was used as the reagent for oxidase, and

ID per cent of commercial hydrogen peroxid was added to this to demon-

strate the peroxidases. In these reagents the activity of the solutions

was tested on sections of potatoes on which known reactions were given.

Little or no reaction for oxidase was obtained in cabbage leaves within

the time in which potato sections gave a good reaction. This was sup-

ported by testing the leaf juices in the Bunzell (4) apparatus, which

showed comparatively little oxidase activity with tyrosin, pyrogallol,

hydroquinone, and pyrocatechin. It was found that with tetramethyl-

paraphenylenediamin a good test for peroxidase was given along the

veins of the cabbage leaf. In leaves tested immediately after spotting

no more peroxidase reaction was given in the injected than in other

areas; nor could any greater amount of peroxidase be demonstrated in

1 Paper read before the American Association for the Advancement of Science, New York, 1916.
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the spots until the growth of the intumescences began. At about the

second or third day after freezing, the spotted areas showed more or less

irregularly an increase in the peroxidase reaction. In young tumors

which were growing rapidly there was a marked increase in the peroxi-

dase reaction of the tumors over the rest of the leaf, with the exception

of the veins. Plate A gives an idea of the relative peroxidase reaction

shown by the purple color in the tumors as well as the relative color of

tumor and normal areas of the leaf before applying the reaction. Ih

all cases leaves which were plunged into boiling water for two minutes

gave negative tests for peroxidase.

Woods (^o) found greater amounts of peroxidase in the spotted areas

of tobacco leaves infected with mosaic than in the normal areas of the

leaf. He attributed the lighter color to the oxidation of the chlorophyll

by the abnormally increased peroxidase. He submitted evidence to

show that chlorophyll is destroyed by peroxidases in vitro. It is possible

that there is a similar connection in the case of tumored cabbage leaves

and that this accounts for the lighter color of the intumescences.

These abnormal growths were first obtained in the winter of 191 5 in

great abundance and at will. The only conditions necessary are to have

the temperature to which the cabbages are exposed so regulated that the

freezing can be stopped before the leaf is killed by being frozen through-

out. The temperature required for cabbages is about — 3°C., with an

exposure of about 30 minutes. In June, 191 6, Smith (45) began some

experiments on the production of abnormal growths by injecting certain

simple chemical substances or exposing plants to the vapor of these

substances. This interesting work has already been reported. The

chief point in his report to be noticed here is that a number of these sub-

stances, ammonia, acetic acid, amins, etc., are either acid or alkaline in

reaction, and some strongly so, a point which will be discussed later.

Among other plants tested, cauliflower plants (BrasHca oleracea hoirytis)

were exposed to ammonia vapor. The intumescences which resulted

might well be taken for those shown in the illustrations in this paper, so

similar are they. The differences seem to be that on exposure to ammo
nia a smaller area is affected, such as that about a stomatal opening.

In Plate 63 of Smith's report {45) the growths appear along the veins in

abundance. A similar stimulus can be given by freezing, a purely

physical process at the start, as well as by chemical treatment, indicating

a similar basic cause in the two processes.

Intumescences of this kind are quite commonly found on cabbage,

resulting from aphis punctures and from breaking the leaf surface; injec-

tions of water which loosen the epidermal layer produce them; in fact,

it is only necessary to puncture the epidermis to cause their development.

Hence, it seems that the growth response is a common phenomenon in

cabbage and that it may be caused by a condition common either to
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exposure to acid or alkaline vapors, to freezing, or to drying by excessive

transpiration from exposed areas. The factor active here seems to the

writer to be a change in the reaction of the plant juice, accompanied also

by an increase in the concentration of the salts of the cell sap. That a

change of acidity might occur from exposure to ammonia or acetic-

acid vapor is not difficult to see. The change in reaction of the plant

juice on concentration by transpiration is shown by the following experi-

rfient:

Fresh cabbage leaves were taken and divided into two lots. The first

half was kept in a cbol, moist atmosphere; the other half was allowed to

wilt in a dry room until turgidity had been lost. Then both samples

were ground in a meat chopper, and the juice was expressed. The

acidjty of the leaf juice was increased by the wilting from 2.05 X lo"" to

5.37 X io~^ H"*". Evidence of the change of reaction on freezing will be

given later.

By placing plants which have been injected in spots into tap water

for from 5 to 12 hours the formation of tumors can be stopped. This

inhibition was accomplished by inverting a potted cabbage over a beaker

of tap water so that all or part of the leaves were immersed. The coating

of wax on the leaves prevents their wetting by the water and holds a

layer of air about the leaf. This treatment effectually stops transpira-

tion, although it may also produce abnormal conditions, such as a poor

oxygen supply. When treated in this manner, the injected areas fail to

develop into tumors, and this hindrance is confined to those spots which

are immersed. It is interesting in this regard to note the old observation

of Sachs (42, 43) that slow thawing, as he regarded it, decreased frost

injury. His method was to place the frozen tissue into water and allow

it to thaw out slowly. Miiller (57, 39) showed that this process in fact

caused a very rapid thawing, owing to the rapid thermal exchange.

Hence, the lessened injury must rest on some basis other than slow thaw-

ing of the tissue. Greenhouse men have generally observed that frost

injury is much less if the frosted plants are at once sprinkled thoroughly.

PLASMOLYTIC BEHAVIOR OF TUMOR CELLS

The cells of young cabbage tumors are plasmolyzed at lower concen-

trations and in shorter time than the mesophyll cells in adjoining normal

tissue. Sections were made from fresh tumors, thin enough to be

observed by the low power of the microscope and still thick enough to

leave several uninjured cells. It was found to give greatest regularity

if the tumor cells were compared with the normal mesophyll cells from

the same section for their plasmolytic behavior. Observations on the

plasmolytic limits of such tissues are very difficult and are mainly com-

parative rather than to be taken as a measure of actual osmotic pressure

or permeability.
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Table I shows the plasmolytic Umit concentrations after 30 minutes'

exposure.

Table I.

—

Plasmolytic limit concentrationsfor normal and tumor cells
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permeability alone do not effect the accumulation of substances within

cells.

So far the writer has not obtained the freezing point of juice expressed

from cabbage tumors caused by frost injury. However, some evidence

of the relative freezing points of the tumor cells and leaf cells can be

gained from the following experiment: Cabbage plants showing an

abundance of young tumors were placed at a constant temperature just

sufficiently low to freeze the tissue. It was observed that on freezing

the leaves were frozen in spots over the areas not covered by tumors

usually before the tumor cells were frozen. One would expect the

tumors to freeze much more quickly than the normal tissue if the relative

osmotic concentrations were those shown by-plasmolysis. The failure of

the tumors to freeze can not be attributed to greater undercooling in

them, for the cells have thin walls and are not covered by wax.

PHYSIOLOGICAL CHANGE IN CABBAGES DURING THE HARDENING
PROCESS

The physical changes in cabbage which have been observed during the

hardening process are a slowing of the growth rate so that the plants are

smaller than those of the same age grown at a warm temperature and

consequently are more mature; and an increase in the amount of bloom

on the leaves. The condition of hardiness can well be judged by the stiff,

springy condition of the leaves. Hardened leaves are 20 per cent thicker

than nonhardened leaves of the same age.

By exposure to temperatures a few degrees above the freezing point

for a week or so the Early Jersey Wakefield cabbage acquires the ability

to be frozen stiff without injury, or with only slight injury (PI. 11, A).

Plants frozen directly after being taken from the greenhouse are either

injured in spots or killed throughout, according to the extent of the frozen

area and the temperature. Tomatoes under similar hardening treat-

meat can be made to withstand somewhat lower temperatures without

freezing; but once the hardened plants becomje frozen they are killed

(PI. II, B). Tomatoes are killed or injured on long exposure to a

temperature of 5° C. This injuring is not a true freezing to death,

according to Miiller {37, 39), for no ice formation takes place in the

tissue. Molisch {36) explains it on the basis of accumulation of toxic

substances through poor oxidation. Tomatoes which can not survive

ice forma-tion within the tissue can hardly be said to show a true hardiness

to frost. The teinn "hardiness" should be applied to the ability of a

plant to survive ice formation within its tissues, as shown by cabbage.

A condition of greater resistance to freezing can be produced in cab-

bages by watering them with solutions which check growth. Plants

watered with nutrient solutions which produce rapid growth, such as

N}io potassium nitrate, Nlio calcium nitrate, or Knop's 2 per cent, are
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much more easily injured than those watered with N/io sodium chlorid

or N/io, sodium bicarbonate. The latter solutions, like exposure to low
temperature, retard growth. Cultures watered with all the foregoing

N/io solutions showed a lower freezing point than controls grown in poor
clay soil. An increase in the cell-sap concentration and lowering of the

freezing point can also be produced by growing plants in dry soil. The
increased resistance of cabbage watered with salt solutions indicates

that it is not the increase of concentration of just the salts of the cell

sap on freezing that causes injury.

METHOD OF TESTING HARDINESS

An electrically-controlled constant-temperature room which can be

maintained at any desired temperature withi^ a few tenths of a degree

was used in determinijig the hardiness of the plants under test. This

compartment was cooled by the direct expansion of ammonia. The
temperature was kept the same throughout by keeping the air stirred

vigorously with an electric fan. Plants were exposed to a temperature

just sufficient to freeze them, and they were then observed at intervals

for the appearance of injury. Comparative tests were run together and
for the same length of time.

TIME AND TEMPERATURE FACTORS IN ACQUIRING OR LOSING
HARDINESS

The time necessary for plants to become hardened was determined

by placing cabbage in dark chambers at constant temperatures of 3°C.,

and 5°, using 18° and 25° as controls. Exposure for 24 hours to 3°

was found to produce a slightly jncreased hardiness as judged by the

extent of the injury. After 5 days' exposure to 3° the cabbages were

not injured by 30 minutes' exposure to —3°, although frozen stiff. The
control plants were killed throughout. On placing such hardened plants

in the greenhouse at room temperature and at a constant temperature

of 18° in the dark, it was found that the hardiness was lost in the green-

house in about the time taken to acquire it, while the hardiness lasted

a few days longer at 18°. By alternating cabbage plants between 3°

and 25° it was shown that the hardening process is an accommodation

brought about not by changes of temperature such as occur in the natural

hardening of plants, but by low temperature. From the above state-

ments it is seen that plants acquire and lose hardiness rather rapidly.

Under natural conditions the hardiness acquired in one night of low

temperature may be lost during the succeeding warm day, and there

is accumulative effect only when the average temperature is low.

The maturity of the tissue is a factor of great importance in frost

resistance. Young leaves of cabbage are more easily injured than old

leaves. During hardeping these young leaves become resistant, indi-
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eating that they rapidly pass through some sort of maturation process.

The more common injury to the cells about the veins indicates that there

is a physiological difference between the vascular tissue and the other

cells of the leaf. This physiological difference is suggested also by
Mangham (27) in a recent article.

FREEZING POINT AND EXPRESSION OF CABBAGE JUICES

A large number of determinations were made of the freezing points

of juice expressed by different methods from hardened and nonhardened

plants. As Dixon and Atkins (<?) have shown, the method of treatment

before expression has a considerable influence on the depression values.

However, there is about the same difference between the freezing points

of juices expressed from hardened and nonhardened cabbages regardless

of the method of treatment before expression. Tests were made after

freezing in liquid air, after freezing with solid carbon dioxid, after freezing

at —5° C, and without freezing. One of the most convenient methods

is to freeze the tissue with carbon dioxid until brittle and then to grind

it in a mortar to a fine powder. The material can then be transferred

to the press and allowed to thaw out. This method is more available

than the liquid-air method and is less expensive. The sap was expressed

either in a large hand press which left a marc practically dry or in a

hydraulic press under a pressure of 10 to 30 tons on a 2>^-inch ram.

Table II gives the comparative values.

Table II.

—

Depression va
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It is quite clear that the difference of about o.i degree in the freezing

point of the cell sap from hardened and nonhardened cabbages is insuf-

ficient to account for the resistance to low temperature shown by hard-

ened plants, for hardened plants are not injured by being frozen at a
temperature 3 degrees below the killing temperature for nonhardened
plants (6). Since ice formation takes place in this case, the freezing

point of the cell sap must be exceeded.

CHEMICAL CHANGES DURING HARDENING

Carbohydrates.—In studying the carbohydrate changes during the

hardening process cabbage plants from the same lot were placed part in

the greenhouse and part in a coldframe. The plants were allowed to

harden in the coldframe until they were not injured by being frozen

stiff at —3° C. Three samples of leaves, 25 gm. each, were taken from

each lot for starch and sugar determinations. The percentage values

are shown in Table III.

Table III.

—

Analyses of carbohydrates in cabbage <^

Sample No.
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The writer has been unable to find any considerable amount of levulose

in cabbage leaves by microchemical means.

The cleavage of polysaccharids yields osmotically active substances

which account for the lower freezing point of juices expressed from

hardened plants. As Schaffnit {44) has shown, the sugars produced

may have a considerable influence on frost resistance by allowing the

solution to be undercooled to a greater degree or by preventing the pre-

cipitation of proteins.

The carbohydrate changes were determined also in plants kept at

constant temperatures in the dark to determine the relation of carbo-

hydrate change to the time of acquiring hardiness (Table IV).

Table IV.- Analyses of carbohydrates in cabbage plants kept at constant temperatures
in the dark

Temperature.
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into a lipoid fraction (P^), a water-soluble fraction (Fg), and a fraction

insoluble in alcohol and water (F3). Samples of 100 gm., green weight,

were collected from hardened (Hi, Hj) and nonhardened (NH^, NHj)
cabbages and preserved in 85 per cent alcohol with the addition of 0.5

gm. of calcium carbonate. The weights given in grams in Table V express

percentages on the basis of green weight.

Table V.

—

Complete analyses of hardened and nonhardened cabbages

Constituent.

Total solids. ...'...

Moisture
Total phosphorus.
Total nitrogen . . . .

10. 1044
89. 8186

. 0669
•3015

10. 5604
89. 4396

. 0664

.3024

90

Total lipoid phosphorus.
Total lipoid nitrogen. ..

.

0124
0112

, 0121
. 0129

Organic solids F2
Phosphorus Fj
Nitrogen Fj
Ammonia Fj
Total Van Slyke nitrogen.

I- 5037
. 0023

, 0010
,0168

I. 6137

•044S

. 0162

Organic solids

Phosphorus F3
Nitrogen F3
Water-soluble phosphorus F3.

5. 8603
.0522

6. 0869
• 0520
.2458
.0314

035
965
0535
2986

0146

0859
0029

0459
0007
0084

8756
0417
2381
0265

2945
965
0537
2915

0093
0123

2750
0041

0464

0068

0593
0403
2328

The percentage of moisture in hardened cabbages is decreased slightly

with a corresponding increase in the organic solids of the third fraction

(F3). It is difficult to obtain the same degree of humidity under such

different conditions as used for hardening, and this may well account for

a difference of i per cent of moisture, as shown here. In the hardened

plants the increase in total nitrogen and phosphorus is noticeable. The

increase in phosphorus is in accord with the finding of greater amounts

of calcium malophosphate in hardened plants by microchemical means.

The increase in the aminonitrogen of hardened plants is suggestive of

the changes which occur in the proteins. Schaffnit (44) found the pro-

teins from hardened plants to be more difficult to precipitate by freezing

than those from greenhouse plants. He ascribed this to changes in the

proteins resulting in the cleavage of the more labile "high molecular"

forms. According to the above analyses, the aminonitrogen represents

35 per cent of the total nitrogen of the second fraction (Fj) in the hardened

cabbages and about half that amount in the nonhardened plants, or 5.5

per cent of the total nitrogen in the first case and 2.5 per cent in the second

case. Although this is a small change, it is not necessary nor probable

that cleavage as far as to the amino acids should occur to prevent precipi-

tation on freezing.
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CHANGE OF HYDROGEN-ION CONCENTRATION OF A PLANT SAP ON
FREEZING

INDICATION Olf A CHANGE OF ACIDITY AS SHOWN BY COLOR CHANGES

One of the most striking of the changes which occur as a result of freez-

ing is a change of color in plants which have colored leaves. Haas {15) has

shown that the plant pigments act as an indicator of the cell-sap acidity.

The change of reaction is best observed in such plants as coleus, which

have the pigment in solution in the cell sap and not masked by chloro-

phyll. Using such a natural indicator is advantageous because it intro-

duces no external factors. Besides, the range of hydrogen-ion concen-

tration covered by the change of the pigment from red to blue is the same

as that naturally occurring in the plant. Everyone has observed that

various conditions affect the color of such pigments.

The color change on freezing is due to a change in the acidity of the

plant juice. The juice of the variety of coleus used here reacts slightly

acid to the pigmept, as shown by the bright-red color. If coleus leaves

are frozen, the reaction remains the same for a considerable time. If,

now, the leaf is rapidly thawed out by being dipped into warm water, the

red pigment at once changes to a decided blue color. This change can

be observed almost in an instant, before oxidase activity can produce

secondary changes. The rapidity of the change indicates a removal of

the excess hydrogen-ion in much, the same manner as by neutralization.

Similar changes of reaction can be produced in the white of egg or in

cabbage juice on freezing. If methyl red is added to cabbage juice and

the juice allowed to freeze, an increase in the acidity is indicated by the

increasing red color of the indicator. Here the change is more or less

masked by the chlorophyll. A similar change of acidity can be observed

if the white of egg is frozen. It is necessary to use an indicator covering

the proper range of acidity, in this case phenolphthalein, since white of

egg is slightly alkaline. The white of egg is colored red by the phenol-

phthalein; but when frozen solid, the red color disappears, owing to an

increase in the hydrogen-ion concentration. This latter case is to serve

merely as a demonstration, since we are not especially concerned with

such materials. The change of reaction here may be due to the high

eutectic point of sodium bicarbonate and its separation in the solid phase

on freezing. Certainly such changes in acidity as here shown have some

influence on the precipitation of proteins and upon frost injury. It is

well known from the work of numerous authors that the acidity of the

medium is a factor of great importance in determining the state of hydro-

philous colloids such as the proteins.
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CHANGES OF REACTION ON PLASMOLYSIS

A change in reaction can be produced also by placing sections of coleus

leaves in concentrated sugar solutions. The protoplasts of the trichomes

are plasmolyzed, and the red color is deepened by the removal of water.

After a time the color changes to blue, and at the same time the pigment
begins to lake from the cell, indicating a change of permeability and the

death of the tissue. If the plasmolysis is not carried too far nor allowed

to continue until a change of color occurs, the cells regain their turgidity,

and the pigment does not leach out. Hence, the duration of the reaction

appears to be a factor in producing the injury, as well as the amount of

change of acidity.
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much above that at the start. This value remains constant at the lower

temperature and is directly proportional to the lowering of the freezing

point. On thawing there is then a decrease in the hydrogen-ion concen-

tration to a value less than the original, and then a return to the original

value, or a value somewhat lower than the original. This change is almost

paralleled by the in-

creased acidity of a di-

lute solution of acid

calcium phosphate,

Ca(H2P04)2, on freez;

ing. The graph for the

plant juice differs from

the latter, however, in

the return to the origi-

nal value at the start

of the curve and in the

depression past the

original value onwarm-
ing. This lag in the

curvefor the plant juice

may be caused by re-

moval of part of the

hydrogen ions by pro-

teins on freezing and

the breaking of the

combination on thaw-

ing out. If the juice is

kept in the frozen con-

dition for a longer time

the final acidity is less

than the original, evi-

dently on account of

some permanent com-

bination of the excess

hydrogen ion. This

irreversible combina-

tion is indicated also

by the color changes

in coleus leaves.

There are many objections to this method of measuring the increase of

hydrogen-ion concentration on freezing, such as the melting of the ice

by the stream of hydrogen, and the lack of uniformity in distribution of

the unfrozen juice. To be free from these hindrances the following pro-

cedure was adopted:

60

70
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The midribs and petioles of fresh cabbage leaves were cut out. This
separation gave a more or less quantitative division of the tissue, although
a large amount of vascular tissue was still left in the leaf. Juice was ob-
tained from these portions by grinding them in a meat chopper and then
expressing. Samples of a large quantity of juice were then taken for

the determination of the freezing point and the acidity. The remainder
was frozen, and the concentrated juice expressed from the ice. This
concentrated juice was then sampled for freezing-point determinations

and for acidity. The graphs in figure 2 show on the y-axis the increase

in acidity on concentrating by the amount shown by the depression of

the freezing point given on the x-axis. Graphs 3 and 4 represent the

changes of acidity of juices expressed from cabbage leaves with the mid-
rib removed. Graphs i and 2 give the acidity changes for juices ex-

pressed from the midrib and petiole alone. The original acidity of the

juice from the midrib is a little less than that for the juice from the rest

of the leaf, although the freezing point is practically the same. On
concentrating, however, the acidity of the midrib juice does not increase

nearly so rapidly as that of the juice from nonvascular tissue.

The concentrated juices were rediluted by adding the ice from which

they had been expressed and then allowing the mixture to thaw. There

is, of course, some loss in expressing, but this is comparatively small, as

shown by the freezing point values. Petiole juice having a freezing

point of —0.88° C. and an acidity of i.46Xio~^H+ was concentrated

to a freezing point of —1.94° and an acidity of 1.92 X io~*H"*', All of

the ice removed was saved and then remixed with the concentrated

juice, giving the rediluted juice a freezing point of —0.85° C. and an acid-

ity of o.96Xio"^H+. In a similar manner the values for juice from

the rest of the leaf were originally: Freezing point —0.90°, acidit)'-

2.5Xio"^H"''; after concentration, freezing point —1.96° C, acidity

5.45Xio"^H+; and on rediluting, freezing point —0.85° C, acidity

2.33X lo'^H''". The concentration was the same for both samples as

measured by the freezing point; still there was a much less change in

the acidity of the juice from the petiole than from the nonvascular tis-

sue. On rediluting, the acidity of the petiole juice is less than its original

value, while that for the rest of the leaf is practically the same. The

same amounts of acid were added to the same volume of juices expressed

from the midrib and from the rest of the leaf, and then the vials were

placed on ice. The petiole juice precipitated much more quickly than the

other sample.

BUFFER EFFECT OF JUICE FROM MIDRIB AND REST OF LEAF

The juice from the petiole and midrib of cabbage has a lesser buffer

effect than that from the rest of the leaf. This is shown on titration

with Njio sulphuric acid and Njio sodium hydroxid (fig. 3). The number
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of cubic centimeters of Njio acid or Njio alkali is plotted on the x-axis and

Ch on the y-axis. The graph for midrib juice has a much steeper slope

than the graph for juice expressed from the rest of the leaf, indicating a

lesser ability to combine with, the acid or alkali added. Precipitation

was observed at the points marked x. This shows the point of precipita-

tion on neutralization of the free hydrogen, ion of both samples to be

about lo'^" Ch. On adding acid the albumens of the petiole juice are

precipated at a lesser hydrogen-ion concentration than that for juice of

the rest of the Leaf. To reach the higher hydrogen-ion concentration a

considerably greater amount of acid is required. For instance, 50 cc. of

Fig. 3.—Titration graphs for cabbage juices: i, juice from midrib: 2, juice from rest of leaf. Precipitation

was observed at pojnts marked " x." For explanation see text.

fresh petiole juice required 0.67 cc. of Nji ortho-phosphoric acid (H3PO4)

to change its acidity from 1.56 X lo'^ to 14.6 X lo'^ H+, while the same

amount of juice from the re^t of the leaf required i .48 cc. of Nji ortho-

phosphoric acid to change it from 2.1 X lo'^ to 14.6 X lo'^ H+.

HYDROGEN-ION CONCENTRATION NECESSARY FOR NORMAL CONDI-
TION OF THE PROTEINS

From figure 3 it is seen that there is an optimum hydrogen-ion concen-

tration at which the proteins are held in solution in the cell sap. This

extends from Ch io*®-^' to about lo"*-^ when instantaneous precipi-

tation of the proteins is taken as the measure. If a longer time is
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allowed, lesser concentrations of acid precipitate the proteins. In fact,

if phosphoric acid is added until the hydrogen-ion concentration is

increased to the point to which it is increased by freezing, a precipitation

of the protein occurs in about the time necessary to kill plants by freezing.

However, changes in state much less than precipitation of the proteins

may be sufficient to cause changes in permeability or even the death of

protoplast.

DIFFERENCES BETWEEN THE MIDRIB AND THE REST OF THE LEAF

The foregoing data indicate that there is a difference between juices

expressed from the midrib and from the rest of the leaf. The proteins in

the midrib juice seem to be more easily precipitated by increase of acidity,

and the juice has a lesser buffer effect. Simultaneous with the precipita-

tion of proteins there is a decrease in acidity of the rediluted petiole

juice to a value less than the original. The change of acidity is comparable

to the conditions causing a change from red to blue in coleus leaves when

they are thawed out. In juice from the rest of the cabbage leaf this

does not occur to so great a degree. The irreversible precipitation of

proteins is held to agree with the greater injury or stimulation of the cells

of the midrib and those at the hydathodes than to those in the spaces

between the veins, as shown by tumor formation both on freezing and on

subjecting to ammonia fumes. It remains to be seen whether the cells

of the midrib in plants generally may not have greater powers of regen-

eration than other cells
;
yet it is indicated by the more frequent regenera-

tion from such cells in preference to other areas. It is suggested also that

the point of regeneration may be determined by conditions similar to

the above on stimulation in a similar manner by acidity increased through

desiccation.

PRECIPITATION OF THE PROTEINS OF HARDENED AND NONHARD-
ENED CABBAGE ON FREEZING

The precipitation of proteins on freezing was found by Schaffnit (44)

to be greater in the case of juices expressed from greenhouse plants than

from plants taken from the open in winter. Chandler (5) doubts that

protein precipitation can be the cause of frost injury. However, his

results show that piotein precipitation occurs on freezing and in the

case of hardened succulent plants to a lesser degree than in nonhardened

plants. The differences in the precipitation of proteins given in his last

report (5, p. 186) are small, but he suggests that they are within the

range of experimental error. He does not state the relative hardiness

of the plants used, and it is entirely possible that they were not thor-

oughly hardened so as to be frozen without injury.

The writer has determined the relative protein precipitation in hard-

ened and nonhardened cabbages. Plants from the same lot were grown
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part in a warm compartment of the greenhouse, part in a cold frame

at temperatures usually above o° C, but frequently low enough to

freeze the plants stiff. The hardened plants were uninjured by an

hour's freezing at —3°, while those from indoors were killed. Samples

of juices were collected from the leaves of both hardened and non-

hardened plants, using the same method for grinding and expressing

in both cases. The juices were quickly frozen in Nessler tubes in a

freezing mixture at —4° and kept at that temperature for two hours.

Control samples were placed at once into ice water and kept there for

the same time as the frozen samples. After two hours the frozen samples

were quickly thawed in slightly warm water and then cooled to 0° as

soon as all the ice had melted. All the samples were then placed in

tubes and centrifuged together for eight minutes at high speed. Sam-

ples were withdrawn with a pipette to avoid disturbing the precipitates.

The total nitrogen was determined by the Nitrogen Laboratory of the

Bureau of Chemistry. On expressing the total nitrogen as proteins, it

was found that 9.4 per cent of the original quantity of protein was

precipitated from the hardened plants, and 31.2 per cent from the non-

hardened plants by this period of freezing.

A change in state of proteins sufficient to allow these proportions to

be precipitated by centrifuging the juices certainly bears some relation

to frost injury. The lesser amount of precipitation in the case of juices

from hardened cabbages indicates that this may account for the lesser

injury to such plants.

PRECIPITATION OF THE PROTEINS OF HARDENED AND NONHARDENED
CABBAGES ON THE ADDITION OF ACID

Juices were obtained in the same manner as before from hardened and

nonhardened cabbages. To 50 cc. samples a sufficient quantity of acid

was added to increase the hydrogen-ion concentration by approximately

the amount by which it was increased by freezing at —3° C. This

quantity was found by previous expeiiments to be 5 cc. of N/io sul-

phuric acid for 50 cc. of juice from nonhardened plants. The juices

were kept in ice water for an hour, together with controls. The sam-

ples were then treated as in the previous experiment. It was found that

this quantity of acid precipitated 11 per cent of the original quantity

of proteins in the juice from hardened plants and 44 per cent in the

juice from nonhardened plants. This indicates that the proteins are

more easily precipitated by increase of the hydrogen-ion concentration

in the juices of nonhardened plants than of hardened plants. This sen-

sitiveness of the proteins to the addition of acid is closely paralleled by

their sensitiveness to freezing.





PLATE 7

A.—Injected areas of cabbage leaves photographed by transmitted light immedi-

ately after freezing.

B.—Injected areas of tomato leaves photographed by transmitted light immediately

after freezing. The leaf at the left shows the mottled appearance which occurs after

a few days.



Hardening Process in Plants Plate 7

Journal of Agricultural Research Vol. XV, No. 2



Hardening Process in Plants Plate 8

r



PLATE 8

A.—Tomato leaf showing the collapse of the palisade in the frozen areas. Note the

normal condition of the cells at the right of the trichome, in which no ice formation

occurred.

B.—Crystals of calcium malo-phosphate in the injected areas of cabbage leaves pho-

tographed by polarized light.

C.—Young tumor of cabbage leaf three days after freezing, showing large nuclei and

multinucleate cells.

78774°—18 4



PLATE 9

A.—Distribution of the intumescences on cabbie leaves. In the leaf at the right

nearly all of the leaf cells show renewed growth.

B.—Intumescences on cabbage leaves photographed by transmitted light, a, b, d

show the occturence along the veins, and c the development at the hydathodes.
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PLATE lo

A.—Section of cabbage tumor after seven days, showing the chains of cells beginning

at the epidermis and areas of small cells in active division in the center of the leaf.

B.—Section of cabbage tumor after two weeks' gro%vth. The epidermis has been

broken at the top, and infection may occur. Some sclerenchymatous cells with thick

lignified walls have developed in the center of the tumor.



PLATE II

A.—Cabbage plants showing the relative injury to hardened (H) and nonhardened

(NH) plants after exposure for the time given on the label in minutes to a temperature

of —3° C. Breaking of the petiole while frozen caused some of the lower leaves of the

hardened plants to droop; otherwise these leaves were uninjured.

B.—Tomato plants showing the relative injury to plants from the greenhouse (NH)
and from coldframes (H) after exposure for the time given on the labels in minutes to

— 1.5° C. The plants from the coldframes were not frozen. The young leaves show
the injury first.
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DISCUSSION OF RESULTS

Haberlandt (16) found that a growth similar to that of the tumor
cells of cabbage occurs in the storage cells which lie next to the phloem
tissue in small pieces cut from potato tubers. Growth occurs in pieces

0.5 by I by I mm. only when phloem cells are present. Xylem cells

are not necessary. Haberlandt stated that growth does not occur in

such cells because they are physiologically different from cells farther

from the phloem bundles. Neither is growth due to nutrient materials

coming from the phloem; nor is it due to the phloem cells giving off

substances which counteract the lethal overstimulation of the cells by
wound stimulus. He attributed the growth to the excretion of a growth.

producing enzym (Wuchsenzyme) by the phloem cells and stated that

the companion cells rather than the sieve tubes are responsible for it.

In any such case or in freezing it is difficult to establish just what
wound stimulus consists in. In the case examined in this investigation

it appears that at least a part of the wound stimulus can be accounted

for by the change of the hydrogen-ion concentration on freezing and by
the consequent precipitation of proteins. This offers a tangible thing

to which wound stimulus can be ascribed. It is possible also that other

wound stimuli may be caused in a similar manner by desiccation. In

nearly all such cases it appears that a stimulus which causes growth on
moderate application will cause death on overstimulation of the cells.

Thus, the first layers of a cut surface of potato die, and phellogen forma-

tion is taken up by the lower layers. Similarly, cabbage cells are either

stimulated to growth or killed outright, according to the degree of freez-

ing. The greater stimulation of the tissue about the veins to form

tumors on freezing is possibly due to the fact that such cells are more
easily injured than the other cells of the leaf, and thus receive a stronger

stimulus. The easier precipitation of the proteins in juices expressed

from the midrib than from the rest of the leaf indicates such a physiologi-

cal difference.

Cases of renewed growth or regeneration, such as shown by Klebs (19)

and Miehe (55) to be produced on plasmolysis, have usually been ascribed

to removal of the cells affected from the influence of those about them

—

that is, to a removal of the correlation effect. It has been reported by

Klebs (ip) that growth after plasmolysis generally occurs only in the

algae. Miehe (jj) states that in such plasmolyzed cells only the living

continuity is destroyed. This statement is taken to refer to the plas-

modesmen. It has been shown by Gardiner (10) and others (11) that

there is a continuity of protoplasm between adjacent cells. Gardiner

(10) found that these threads of protoplasm were not broken in every

case during plasmolysis, but fine strands could be observed running out

to the cell wall. Mangham (25, 26) ascribes to the plasmodesmen an

important function in conducting sugar from cell to cell. Czapek (7)
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showed that conduction of food materials occurred after the plasmolysis

of these conducting cells. The protoplasmic connection between cells is,

therefore, not necessarily broken by plasmolysis, according to the

evidence above cited. Consequently it is necessary to assume that in

some manner these strands are killed on plasmolysis if the growth

stimulus is attributed to the removal of correlation factors and the

breaking of protoplasmic connection between the cells.

It is entirely possible that the strands running to the cell wall in

plasmolysed cells may remain alive, since they are scarcely thinner than

the plasmodesmen themselves. In this case the "living continuity" is

not broken. It is equally possible that they are killed, and in such case

death may be due to changes in the state of the protoplasm constituents

owing to changed acidity and an increase in the concentration of the

salts. If these threads are killed on plasmolysis of the cells, equal

changes can be expected to occur on the surface of the protoplast. It

was Chandler's idea that

—

killing from cold is more likely a mechanical injury due to the withdrawal of water
from the protoplasmic membrane than an injury resulting from a precipitation of

proteins.

The effect of plasmolysis on the regeneration of plasmolyzed cells can

then be ascribed also to this change in the membrane as well as to the

removal of the correlation effect. If growth is due to the removal of

the correlation effect through plasmolysis of the cells on freezing then

one would expect the plasmolyzed cells of the hardened cabbages to be

stimulated to growth in the same manner as those of nonhardened

cabbages. But this does not occur; consequently the renewal of growth

in the cells can not be ascribed to the breaking of the living continuity and

removal of the correlation effect in the case of the cabbage. The lack

of growth in the cells of hardened cabbages is evidently due to their

inability to withstand the concentration of the cell sap and increased

acidity without injury.

It appears that in the process of hardening there are changes which

occur in the proteins. To these changes the greatest effect of the hard-

ening is to be ascribed. The changes are cleavages to simple forms if the

increase of amino acids on hardening of the plants is taken as an indi-

cation. The simple forms of the proteins are not so easily precipitated

by freezing or by the addition of acid as the more complex foims. The

increase of acidity of a plant juice on freezing is accompanied by an

increase in the concentration of the salts. Both conditions are favorable

for protein precipitation.

The surface layer is the most exposed part of the plasmolyzed proto-

plast. It is therefore probable that the greatest changes in aggiegation

of the proteins occur there.

The change in color of coleus leaves after freezing indicates that

through irreversible combination with the proteins the excess hydro-
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gen-ion concentration is decreased on thawing. This is probably the

case in the frozen cells of the injected areas of nonhardened cabbages.

In those cells which survive one would then expect to find a slightly

decreased acidity. No indicator covering the proper range of acidity

has been found which will penetrate the cabbage cells in sufficient con-

centration to show a color deep enough not to be masked by the

chlorophyll. However, such a change is indicated by the change of the

injected spots on coleus leaves from red to blue. The effect of the

decreased acidity may be to cause greater activity of the peroxidase

present or to allow its accumulation. Blackening occurs in the areas

of Aucuha japonica injected by freezing, indicating an increased activity

of the oxidizing enzyms. Krasnosselsky {22) reports an increase in the

concentration of the oxidizing enzyms due to wound stimulus. It is

known that the oxidizing enzymes are destroyed quite rapidly at the

hydrogen-ion concentration shown by cabbage leaves and that a decrease

in acidity favors their action.

SUMMARY

(i) The first indications of frost injury to succulent plants were

observed in the appearance of injected areas over the leaf surface.

These injected areas are caused by the withdrawal of water from the

protoplast and the displacement of air in the intercellular spaces. Inocu-

lation of the undercooled leaf tissue from ice formed on the surface is

generally the cause of the local freezing. Wax on the leaf surface pre-

vents the inoculation of the undercooled tissue and thus prevents injury

from freezing.

(2) Frozen cells in the leaves of cabbage, bryophyllum, salvia, and

lettuce were found to be stimulated to growth and to produce tumors

similar to those shown in pathological conditions, but without the presence

of bacteria. Frozen spots on the leaves of tomato, coleus, geranium, and

a number of other plants did not receive a growth stimulus as in the

former cases, but were killed by the freezing. This local kilHng of the

tissue gives such leaves a spotted appearance.

(3) The peroxidase content of the intumescences of cabbage induced

by freezing was found to be much greatei than that for normal leaf

tissue. A decrease in the hydrogen-ion concentration may occur in such

cells, and this condition may allow greater activity or accumulation of

the respiratory enzyms, especially peroxidase.

(4) It is suggested that the growth stimulus in frozen cells is not due

to the removal of the correlation effect on plasmolysis of the cells, but

is to be ascribed to a partial precipitation of the proteins of these cells.

This precipitation results in an increase in the permeabiUty of the cells

to water, and in the ability of the cells to hold sugars.

(5) The apparent osmotic pressure on plasmolysis of the tumor cells

was found to be less than that for normal mesophyll cells. However, the

tumored areas of the leaf do not freeze more readily than the other areas.
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(6) The principal effect of the hardening process for cabbages is a

change in the constituents of the protoplasm which prevent their pre-

cipitation as a result of the physical changes incident upon freezing. The

proteins are changed to forms which are less easily precipitated. This

is indicated by an increase in the amino-acid content of the cabbage

plants on hardening.

(7) The factors which produce protein precipitation on the freezing

of a plant juice are held to be principally the increase in the hydrogen-ion

concentration and the increase in the concentration of the salts. The

latter factor is held to be insufficient to cause precipitation except under

the conditions of a changed acidity. Cabbage plants were found to

become resistant to a half-hour's freezing at —3° C. after exposure to

-f 3° for five days. During this time the carbohydrate changes were

slight. Hence, the prevention of protein precipitation by sugar accumu-

lated during haidening is not sufficient to account for the resistance of

hardened plants to freezing.

(8) The proteins of the midrib of cabbage leaves are precipitated more

readily than those from the rest of the leaf. This is considered to be due

to physiological differences between vascular tissues and the other

tissues of the leaf.

(9) In juices of nonhardened and hardened cabbages the proteins of

the former were found to be precipitated to a greater degree by freezing

than those of the latter. The percentage of precipitation for such juices

on freezing is closely paralleled by the relative precipitation on the

addition of acid.

(10) The greatest changes induced by freezing are supposed to occur

n the outer portions of the protoplast since this is most exposed on

plasmolysis.

(11) The effects of desiccation, freezing, and plasmolysis are considered

to be similar, in that all these processes cause changes in the hydrogen-ion

and salt concentrations.
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PLATE A

I.—A cabbage leaf showing the chlorophyll distribution in the intumescences.

2.—A cabbage leaf showing the comparative peroxidase reaction given in the tumor

and leaf cells with tetramethylparaphenylenediamine.

(112)



Hardening Process in Plants Plate A

Journal of Agricultural Research Vol. XV, Nc





CHEMISTRY OF SWEET-CLOVER SILAGE IN COMPARI-
SON WITH ALFALFA SILAGE

By C. O. SWANSON, Associate Chemist, and E. L. Tague, Assistant Chemist, Depart-
ment of Chemistry, Kansas Agricultural Experiment Station

INTRODUCTION

In pursuing chemical studies in making alfalfa silage, previously

reported,^ there were certain phases ^hich seemed to warrant further

investigation. In outlining the plan for this additional work it seemed
desirable to broaden the investigation by including sweet clover. As
in the previous investigations, milk bottles were used as containers.

PLAN OF THE WORK

After the alfalfa (Medicago saliva) or the sweet clover {Melilotus

spp.) had been cut, it was allowed to wilt in the sun for about two hours.

The alfalfa was cut in one-tenth bloom, the sweet clover just before

bloom. The alfalfa was of average size, fine quality, first cutting.

The sweet clover was very rank and had a high moisture content.

After wilting, the material was brought to the laboratory and passed

through a small feed cutter. Alfalfa was used alone. The sweet

clover was used alone and also with ground corn in the proportion of

I to lo. Each bottle was weighed before filling. All were packed full,

closed with corks which were wired, and sealed with wax such as is used

in closing desiccators.

Three bottles, one of each kind, were opened each day for the first

week, then every other day for the second week, then each week for the

next four weeks, and finally each month as long as needed. On open-

ing, the silage was judged as to color and grade. All the bottles, without

exception, had first-class silage. In this study an effort was made to

obtain as nearly as possible the same grade of silage in all the bottles.

From our previous work the conditions for obtaining this result were

known.
LOSS OF MATERIAL

As soon as a bottle was opened the content was weighed. The

weight of the material put into the bottle, about 700 gm., had been

obtained at the time of filling. From these figures were calculated the

loss of material during silage making. The figures obtained are given

in Table I.

' SwANSoN, C. C, and Tagub. E. L. chemical studies in making alfalfa silage. In Jour. Agr.

Research, v. lo, no. 6. p. ays-igi. 191 7-

Journal of Agricultural Research. ^'"' ^^'
•

^°- ^

Washington, D. C. <^<^*- '<• '''^

Key No. Kans.-is
'^

(113)
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Table I.—Loss of weight, in grams, of various kinds of silage

Age of silage.

Days.

I

2

3

4
6

7

8

lO

Alfalfa

alone.

5-8
6.8

5-0
8. o
9.0
8.0
6.0

Sweet
clover
alone.

6.0
6.0
6.5
8.0
7.0

6.0
7.0

Sweet
clover
and
corn-
chop.

6.0

7-3
6.0

5-8

Age of silage.

Days

13

15

17

21

29

43
64

Alfalfa

alone.

4. O
6.0

9.8
7.0
7-1

Sweet
clover
alone.

4.0
S-o
6.6
8. I

7.6
23-3
10.5
8.6

Sweet
clover
and
corn-
chop.

6.0
9.0
10.5
39-

o

9.8
1.6

9.0
7.0

These results show that the losses, with a few exceptions, were approxi-

mately I per cent. The greater part of the larger losses was silage juice.

The gas generated in the bottle would push out the stopper slightly, re-

sulting in loss. Since the total loss is so small, the losses due to fermen-

tation are insignificant.

MOISTURE CONTENT

The moisture content in the silage was determined on loo-gm. samples,

using the material in the condition in which it was taken from the bottles.

The moisture percentages are given in Table II.

Table II.

—

Percentage of moisture in alfalfa silage

Age of silage.

Days.

O
I

2

3

4
6

7
8

10

13
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represented the extract from i gm. of silage. This was on the assumption
that the average moisture content was 70 per cent. This method of

procedure involved a slight error which is without significance in this

work. The jar was closed and placed on a shaking machine for two
hours, after which the material was strained through a linen cloth into

a 500-CC. centrifuge cup, and centrifuged for five minutes at the rate of

2,400 revolutions per minute. The average relative force, times gravity,

is 1,344 ^-t this speed, according to the statement of the manufacturer.

This gave a clear but dark-colored supernatant liquid. In order not to

stir up the sediment in the bottom of the cup, it was necessary to allow

the centrifuge to come to a stop without using the brake. Because of

the presence of some light particles which would not settle to the bottom,

it was necessary to filter on folded filters. This filtrate was then used

for the following determinations

:

(i) Acidity by titrating to phenolphthalein.

(2) Acidity by using the hydrogen electrode.

(3) The nitrogen in amino form, by titrating in the presence of formal-

dehyde using thymolphthalein as indicator.

(4) The nitrogen in amino form by titrating in the presence of for-

maldehyde to a certain hydrogen-ion concentration, using the hydrogen

electrode.

(5) Total nitrogen in the water extract.

(6) Total nitrogen in water extract not precipitated by phosphotungs-

tic acid.

An attempt was made to determine nitrogen in the water extract by

Stutzer's method, but the amounts were so small that differences were

within the analytical error.

METHOD OF MAKING THE ALCOHOLIC EXTRACT OF SILAGE

When each bottle was opened, 100 gms. of the silage were weighed into

a quart Mason jar and 250 cc. of 95 per cent alcohol added. The jar was

then sealed and allowed to stand till a convenient time for doing the

work. This was necessary, as the work on the water extract had to be

finished at once, and occupied the available time. On the basis of total

moisture in the silage, previously determined, enough carbon-dioxid-free

water was added to the jar to make the volume 500 cc. This would make

the percentage of the alcohol about 50. After adding this water the jar

was sealed, shaken, and allowed to stand for an hour, when the material

was strained through linen cloth. From this point the precedure was

the same as with the water extract, and the same chemical determina-

tions were made.
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ACIDITY IN THE WATER AND THE ALCOHOLIC EXTRACTS OF SILAGE,
TITRATING TO PHENOLPHTHALEIN

Twenty-five cc. of the water or the alcoholic extract, representing 5

gms. of silage were pipetted into a 500-cc. Jena Erlenmeyer flask, and 200

cc. of carbon-dioxid-free water were added. One cc. of phenolphthalein

as indicator was used. The extract was then titrated to a faint pink

with N/20 sodium hydroxid. The results obtained are presented in

Table III.

TablS III.

—

Acidity in water and alcoholic extracts of silage

[Results expressed as cubic centimeters of Nho sodium hydroxid on the extract from 5 gm. of silage titra-

tion with phenolphthalein as indicator]

Ace of silage.

Days
o
I

2

3

4
6

7
8
10

13

15

17
21

29

43
64

Alfalfa alone.

Water.

3-3
9.0

10. 4
11. 4
9. I

10. 6

14.4
"•5
13-4
17.8
18. 5
16.6
18. I

20. 8

26.6

25-7
26. 7

Alcohol.

7-7
11. 7

12. o
12. 9
13-5
14.9
15-4
15-0
16. 9
19. o

19.9
20.8
22. 4
25. 2

28.4
30-4

Sweet clover alone.

2.8
4.6

3-4
6.3
8.7
8.0

6.4
11. 6

II-

3

10.3
12. 2

13-8
13.0
II. 7
12.6
12.8

Alcohol.

3-6
6. I

7.2
8.7

10. I

9.4

9 9
12- S
12. 8

13.6

14.7

15-5
16. 5
16.5

17.7
18. 5

Sweet clover and corn-
chop.

Water.

13. 2

9-3
13.2

14-3
14.8
16.6
17. o
16.8

18.9
18.6

Alcohol.

3-8
5-7
6.9
7.6

10. o
10. 9

14. 8

13.2
16. I

17-3

17-3
20. o
21. o
22. 4
25. 2

26.3

The figures in Table III show the following results:

(i) The acidity in the alcoholic extract appears to be uniformly

greater than in the water extract. The silage made from sweet clover

alone and from sweet clover plus com meal show the same relative

differences in the acidity of the alcoholic and water extracts as the silage

made from alfalfa alone. That the alcoholic extract from com silage will

give a larger percentage of acidity than will the water extract when

phenolphthalein is used as the indicator has been shown in a previous

publication from this laboratory.^ A suggestion was reported in that

joumal that the greater acidity of the alcoholic extract is due to fatty

acids liberated by lipases which are active in silage formation. That

this explanation is probably not correct will be shown in a subsequent

part of this paper.

' SwANSON, C. O., Calvin. J. W., and Hungerford, Edwin, aodity in silagb: method op

DBTERMiNATiON. Jour. Amer. Chem. Soc, V. 35, no. 4, p. 476-483. 1913.
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(2) The acidity of matured silage made from alfalfa alone is twice

that of matured silage made from sweet clover alone, as determined in

the water extracts. As determined in the alcoholic extract, the acidity

is approximately one-third greater.

(3) The comparatively smaller acidity of the silage made from sweet

clover may be partly due to the high moisture content. In a previous

investigation^ it was found that silage made from freshly cut alfalfa had a

lower percentage of acidity than that made from wilted alfalfa. While

the sweet clover used in the present investigation was wilted, it still had a

large moisture content.
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TITRATION TO A CERTAIN HYDROGEN-ION CONCENTRATION WITH THE

HYDROGEN-ELECTRODE APPARATUS

The general arrangement of the apparatus for determining the hydro-

gen-ion concentration by the use of the hydrogen electrode was that

given by Hildebrand.^

Our outfit contains the following pieces: One Weston D. C. milli-

voltmeter and multiplier; one Kohlrausch slide wire bridge with exten-

sion coils; one Leeds and Northrup No. 2,500 type R. galvanometer

with lamp and scale; two Edison storage batteries. The calomel and

hydrogen electrodes were made according to the directions given by

Hildebrand.

For the first part of this work neither this bridge nor the galvanometer

were available. The bridge used was a straight-wire bridge such as is

commonly found in physics laboratories. Instead of the galvanometer

we used the Lipmann electrometer and reading telescope.

The galvanometer with the lamp and scale, as well as the Kohlrausch

bridge, are found exceptionally satisfactory for this class of work.

As a source of hydrogen we have found that made by the electrolytic

process very satisfactory. This can be bought compressed in iron

cylinders. As a precaution against impurities the gas is washed in a

train of alkaline pyrogallic acid, potassium permanganate, mercuric

chlorid, and carbon-dioxid-free water. The hydrogen made from

aluminium and sodium hydroxid was found just as satisfactory, but

more expensive as to materials and labor.

METHOD OF DETERMINING THE TITRABLE ACIDITY BY THE USE O? THE HYDROGEN
ELECTRODE

Twenty-five cc. of the water or alcoholic extract were pipetted into a

wide mouth 250-cc. flask. The calomel and the hydrogen electrodes

were inserted through a rubber stopper which fitted the mouth of the

flask. As the lower end of the hydrogen electrode was bell-shaped, it

was necessary to use a partially split stopper. Through a third hole in

the stopper the tip of a burette was inserted so that the N/20 sodium

hydroxid could be added without exposing the contents of the flask to

the air. Hydrogen gas was then allowed to bubble through the solution

with frequent shaking and the bridge adjusted until equiHbrium was

obtained—that is, until no current flowed through the galvanometer.

At this point the reading of the milli-voltmeter was noted. Next, N/20

sodium hydroxid was added from the burette slowly with frequent

shaking. It was desired to measure the amount of alkali necessary to

add in order to obtain three different hydrogen-ion concentrations: Ph7,

• HlI,DEBRAND, J. H. SOME APPLICATIONS OF THE H\T)ROGEN ELECTRODE IN ANALYSIS, RESEARCH

ANDTEACHING. /n Jour. Amer. Chem. Soc, V. 35, HO. 7, p. 847-871. 15 fig. 1913-
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the true neutral point; Ph8.3, the point of color change for phenolph-

thalein; and Ph9-3> the point of color change for thymolphthalein. The
N/20 sodium hydroxid was added until equilibrium was reached for

each point and the total cc's noted. When the last point was reached,

25 cc. of formaldehyde solution which had previously been neutralized

to a hydrogen-ion concentration of Ph9.3 was added and N/20 sodium

hydroxid added again until the potential indicated a concentration of

Ph9-3- This last operation gave the figures for calculating the titrable

nitrogen.

The number of cubic centimeters of N/20 sodium hydroxid necessary

to titrate to the true neutral point, Ph7, also to the color change of

phenolphthalein Ph8.3, and to the color change of thymolphthalein,

Ph 9.3 are given in Table IV.

Tabi,E IV.—Quantity, in cubic centimeters, of N/20 sodium hydroxid necessary to titrate

to three different hydrogen-ion concentrations, Ph 7 Pn 8-3, and Ph 9-3

[Each sample represents the extract from s gm. of silage]

TITRATION TO Ph7

Age of silage.

Alfalfa alone.

Alcohol.

Sweet clover alone.

Water. Alcohol.

Sweet clover and corn-
chop.

Alcohol.

Days.

o
I

2

3

4
6

7

8
10

13

15

17
21

29

43
64

2-3
6.0

6.3
6. I

4.8

5-7
9.6
8. I

9.4
10. o
12. o
11. 6

13- I

16. o
19. o

19.4
22. O

4.2

5-3

7-5
7.8

7-9
7-5
7.6
9.6

10. 4
11. I

12. o
13.0
14. 2

17.0
21.3
22. 6

24. 7

2.7
3-6
4. 6

6.9
10.3

7.0
10. 2

9.8
8.6

10. 6
11. 8
II-

5

10. o
IO-5
10. I

1.9
2.6

3-9
5-2
6.0

5-4

5-7
8-3
8.6
9.0

10. 6

10.8
11. 2

II. 2

II. 7

13.0

1.4
2.9

3-5
4.3
8.0
8.0

10. 2

9.6
12. o
12. I

11. 7

15-2

15-0
14-7
16.5

17-3

2. 2

2-5
3-6
4. I

6.0
6.2

9.6
8.4

II. I

12.5
13.0

14.9
15-

1

16. 7

19. o
20. I
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TablB IV.

—

Quantity, in cubic centimeters, of NJ20 sodium hydroxid necessary to titrate

to three different hydrogen-ion concentrations, Pb.7 Pb^-3> ond Pn9-3—Continued

TITRATION TO PflS-S

Age of silage.

Alfalfa alone.

Water. Alcohol.

Sweet clover alone.

Water. Alcohol.

Sweet clover and corn-
chop.

Water. Alcohol.

Days
o
I

2

3

4
6

7

8
10

13

15

17
21

29

43
64

3-3
8.6

II. o
II. I

8.4
10. I

14. 2

11. 8

13-5
13-5
15.0
14.7
21. 6

21. 8

26. o
26. 9
26. 5

6.3
8-5

II. o
II. I

"•3
"•3
II. 2

13.2
14. o
14.8
15.8
16.8
18. I

21.5

25-7
26. 4
29. 2

2.9

5- I

6.7
8.1

10. 4
13.0

9-3
12.5
12. 2

"•5
^3-3
15-

I

14-5
13.8
14. o
12. 7

14. o

3-1
6.2

6.9
8.0
"•5
II. o

12. 6

14. 6

14.8

14.4
19.8
18.5
18.7
21. 4
21.8

3-3
4.9
5-4
6.5
8.2

12.4
II. I

14. 2

15-6
18.0
18.2
20. I

23.0
23-7

TITRATION TO Ph9.3

O
I

2

3

4
6

8
•

10

13

15

17
21

29--
43
64
98

5-1
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(3) Titrating to the hydrogen-ion concentration, Ph8.3, or the point

of color change for phenolphthalein, gave practically the same acidity

value as was obtained in the water extract with colorimetric titration.

(Compare Tables III and IV, part 2.)

(4) Titrating to the hydrogen-ion concentration Ph9-3, or the point

of color change for thymolphthalein, gave an acidity value about twice

that obtained by titrating to the strictly neutral point, Ph7.

(5) The acidity value of both the water and the alcoholic extracts

obtained by titrating to the hydrogen-ion concentration Ph8.3 agreed

substantially with the value obtained in the water extract by the colori-

metric titration. (See Table III.)

(6) The hydrogen-ion concentration of the water extract and the al-

coholic extract agree substantially for the three points determined.
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highly colored substances in solution than the water extract. That this

was the case was suspected in our former investigation. Concerning

this we said ^

:

The figures for acidity are probably large The extract is highly col-

ored, and the end point is not easily read.

DIFFERKNCES IN TITRATING TO THE HYDROGEN-ION CONCENTRATION Ph8.3

IN COMPARISON WITH Ph7; ALSO Ph9.3 IN COMPARISON WITH Ph8.3

By substracting the figures in the first part of Table IV from the corre-

sponding figures in the second part, the diflferences between the quan-

tity of sodium hydroxid used in titrating to the hydrogen-ion concen-

tration Ph7 and Ph8.3 are obtained. Also, by subtracting the figures
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Table Y—Differences in ike quantity, in cubic centimeters, of NJ20 sodium hydroxid
used to titrate to P^ 8.j in comparison with P^ 7; also between P^ p.j and Pu8-3

FOR WATER EXTRACT OF SILAGE

Age of silage.

Days
O
2

2

3

4
6

7
8

10

13

15

17
21

29

43
64

Alfalfa alone.

Increase
from Ph7
to Ph8.3.

I. O
2.6

4-7
5-0
3-6
4.4
4. 6

3-7
4. I

3-5
3-0
3- I

6.5
5-8
7.0

7-S
4-5

Increase
from

Ph8.3 to
Ph9.3.

3-6
7.8

7-9
6.6

6.7

5-4
5-9
8.9
7.8
8.7
12.8
10. 2

11. 7

10. I

11. o
12. 6

Sweet clover alone.

Increase
from Ph7
to PhS.3.

Increase
from

Ph8.3 to
Ph9.3.

3-4
6.2

5-5
5-4
7.0
4.8

S-o
5-2

5-5
7.8
6.8

7-5
9.6
7.0
7- I

6.8

Sweet clover and
comchop.

Increase
from Ph7
to PhS.3.

1-7

2-4

3-5
3-0

2.8

3-0
2.6

2.7
2.7
4.6

3-5
4.0
4.9
4-5

Increase
from

Ph8.3 to

1.9

4-7
5-3
5-1

3-7
5-4

FOR ALCOHOLIC EXTRACT OF SILAGE

o.

I.

2.

3-

4-

6.

7-

8.

10

13

IS

17
21

29

43
64

2. I
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added, it combines with these hydrolytic protein products in larger and

larger amounts as the hydrogen-ion concentration is reduced below

Ph8.3 and more so when it approaches 9.3. If the titrations had been

V̂i
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(4) The fact that sweet clover shows smaller differences than alfalfa

in these respects indicates that this protein hydrolysis takes place

to a less extent in sweet clover than in alfalfa. This would mean
that under practical conditions good silage is more readily made from
sweet clover than from alfalfa. The addition of corn meal to sweet
clover did not seem to have any distinct advantage. Silage from sweet

clover alone was as good as that made from sweet clover and corn meal.

With alfalfa the addition of corn meal was an advantage, as shown in our

previous work.^

NITROGEN IN AMINO (NHo) FORM

TITRATIONS WITH THEl HYDROGEN ELECTRODE

It was Stated that when making the determinations for acidity the

hydrogen-ion concentration had been reduced to Ph9-3, or the theoretical

points of color change for th}rmolphthalein, 25 cc. of the formaldehyde

solution was added and the titration resumed till the hydrogen-ion con-

centration was again Ph9-3- This second titration should give figures

for calculating the nitrogen in amino form. Whether this is the case is a

question which we do not attempt to answer in the present paper. Accord-

ing to Sorensen,^ who first elaborated the method, the titrations should

first be carried to tke neutral point for phenolphthalein, or Ph8.3, then

the formaldehyde solution added, and the titration repeated till the point

of color change for thymolphthalein, or Ph9-3 is reached. The number
of cubic centimeters of N/20 sodium hydroxid used in this second titra-

tion multiplied by 0.7 give the number of milligrams of titrable nitrogen

in the mixture. If this is correct, the results of the electrometric titra-

tions as we made them are too low for amino nitrogen when the number
of cubic centimeters obtained in this last titration are multiplied by 0.7.

But as both the Ph8.3 and the Ph9-3 points were determined in the

titrations for acidity, a correction can be introduced. This is done in

Table VI. In the A columns are given the number of cubic centimeters

used in the second titration after the formalin (HCHO) was added to

bring the Ph value again to the 9.3 point. In Table V is given the dif-

ferences in titrations between titrating to Ph8.3 and Ph9-3- By adding

these differences to the figures in the A columns of Table VI, the figures

given in the B columns are obtained. These figures should be the same

as if the titrations had been first carried to the Ph8.3 point in the acidity

titration and then formalin added and then the titration resumed till

the Ph9-3 point was reached. That this assumption is correct is sub-

stantiated by some work done by us on the changes which take place in

» SwANSON, C. 0., and Tagub. E. L. Op. cit.

*S6rensen. S. p. L. Enzymstudien. In Biochem. Ztschr., Bd. 7, Heft H, p. 45-101. 1907.

Allen's Commercial Organic Analysis . . . ed. 4, v. 8, p. 478, 488. Philadelphia, 1913.
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the hydrolysis of wheat. By multiplying these figures in the B columns

by 0.7 the number of milligrams of amino nitrogen are obtained.

Table VI.—Quantity of nitrogen in titrableform as obtained by electrometric titration

FOR WATER EXTRACT

Age of silage.

Alfalfa alone.

N/50
sodium
hy-

droxid
after

adding
forma-

lin

(cc).

Quan-
tity in
A+ col-

umn B,
Table
V,2d
sect,

(cc).

Mgm.
amino
nitro-
gen or
cc. in
BX0.7.

Sweet clover alone.

NIzo
sodium
hy-

droxid
aft^r

adding
forma-

lin

(cc).

Quan-
tity in
A+ col-

umn B,
Table
V,2d
sect,

(cc).

Mgm.
amino
nitro-
gen or
cc. in
BX0.7.

Sweet clover and corn-
meal.

N/20
sodium
hy-

droxid
after

adding
forma-

lin

(cc).

Quan-
tity in
A+ col-

umn B,
Table
V,2d
sect,

(cc).

Mgm.
amino
nitro-
gen or
cc. in
BX0.7.

Days
o
I

2

3

4
6

7

8

10

13

IS

17
21

29

43
64

A.

3-5
13.8

^3-3
14.8
16. o

18.5
22. o
22. 2

22. 2

23.2

23-9
24. O
28.8
28. I

28.3

27.7
26.8

B
5-3
17.4
21. I

22. 7
22. 6

25. 2

27.4
28. I

31-1
31.0
32. 6

36.8

39- o

39-8
38.4
38.7
39-4

3-7
12. 2

14.8

IS-

9

15-8
17. 6
19. 2

19.7
21.8
21. 7
22.8
25.8
27-3
27.9
16. 9
27. I

27. 6

A
2. I

7-5
8.8

10. 7
13-3
14. o

B
5-5

13-7
14-3
16. I

20.3
18.8

3-9
9.6

10. o
II-

3

14. 2

13.2

1.8
6.0
8.6
9.1

II. 8

13-9

B
3-

10.

II.

14.

iS-

19-

12. o
16. 4
17. 6

15.2
14. 8

19. 2

19. I

16. S
16.5
18. I

17. o
21. 6

23. I

23.0
21. 6

26. 7
28. 7

23-

S

23.6
24.9

II. 9
15-

I

16. 2

16. I

15-

I

18. 7
21. I

16.5
16.5

17.4

13.0

13-

S

18. I

17. I

16.8
17. o
19. I

IS-

4

14. I

IS- S

18.7
18.9
25.8
26. 9
26. 4
27.9
26.6
22. 7
21. 2

20.6

2.6

7-5
8.3

9-9
10. 9
13-

5

113.

1

13. 2

18. I

18.8

18.5

19-

S

18.6

15-9
14.8
14.4

FOR AI.COHOUC EXTRACT

3

4
6

7
8

10

13

IS

17
21

29

43
64
98

3- I
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The data in Table VI show that—
(i) The amount of amino nitrogen in the alcoholic extract and in the

water extract is practically the same for the matured silage. In silage

from I to about 2 weeks old the water extract shows the presence of a
larger amount of amino nitrogen.

(2) The amount of amino nitrogen in the silage made from alfalfa is

notably larger than that in the silage made from sweet clover.

(3) The amount of amino nitrogen in the silage made from sweet

clover alone is practically the same as that in the silage made from sweet

clover and corn meal. The addition of corn meal does not have any
apparent influence on the amount of amino nitrogen produced.

TITRATIONS WITH INDICATORS

Titrations with indicators were made as follows: Twenty-five cc. of

the extract were pipetted into a flask with 200 cc. of carbon-dioxid-free

water, and 25 cc. of formalin added (i part of 40 per cent formalin to

2 parts of carbon-dioxid-free water). This had been made neutral to

thymolphthalein with sodium hydroxid. The mixture was well shaken

and allowed to stand for 15 minutes, when it was titrated to a distant

blue with A^/20 sodium hydroxid, using 5 cc. of thymolphthalein as

indicator. The total number of cubic centimeters obtained in this titra-

tion less the number of cubic centimeters used to obtain the acidity to

phenolphthalein represents the number of cubic centimeters obtained

in this titration less the number of cubic centimeters used to obtain the

acidity to phenolphthalein represents the number of cubic centimeters

due the titrable nitrogen. The figures as obtained are given in the A
column of Table VII.

From the figures given in Table VII must be subtracted the figures for

the acidity titration given in Table III. The remainder represents the

amount of acidity due to the titrable nitrogen. These differences are

given in the B columns of Table VII. These differences multiplied by

0.7 give the weight of titrable nitrogen. The results are given in the C
columns. A comparison of the results in Table VI with those in VII

shows that the results obtained by the electrometric and colorimetric

methods are essentially the same. A direct comparison between the

results on the water and the alcoholic extract, colorimetric titration, is

given in Table VIII.
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Table VII.—Quantity of nitrogen in titrableform as obtained by colorimetric titration

FOR WATER EXTRACT

Age of silage.

Alfalfa alone.

Cc. of Nl20 so-
dium hydroxid
corrected for

acidity to —

Thy-
mol.

Phe-
nol.

Mgm.
of ti-

trable
nitro-
gen in
BX0.7.

Sweet clover alone.

Cc. of JV/20 so-
dium hydroxid
corrected for

acidity to —

Thy-
mol.

I'he-

nol.

MgTO.
of ti-

trable
nitro-

gen in
BX0.7.

Sweet clover and com
meal.

Cc. of Njzo so-
dium hydroxid
corrected for
acidity to —

Thy-
mol.

Phe-
nol.

Mgm.
of ti-

trable
nitro-

gen in

BX0.7.

Days
o
I

2

3

4
6

7

8
10

13

IS

17
21

29
43
64

.4

5-7
14.9
28.2

29. 8

27.6
29. I

34- o

35-4
37'

35'

40.

46.

52.

53'

56.2
60. 2

64.7

B
2.4

5-9
17.8
18.4
18.5
18.5
19. 6

23-9
24. I

17-7
21.5

34-6
32- 5
29. 6

34- 5
38-0

c
1-7

4. I

12.5
12. 9
13.0
13.0

13-7
16. 7
16. 9
12. 4
IS-

1

21. 2

24. 2

22.8
20. 7
24. 2

26.6

/I

6.4
18. 2

20. 4
23.8
26. o
21. 7

B
3-6
13.6
15.0

17-5
17-3

13-7

c
2-S
9-5
10.5
12.3
12. I

9.6

A
S-2

IS-

I

17-5
19. I

2>0
24. 7

B
1.9

9.8
12. O

13-5
14.8

15-7

22. 6

29-3
28. 7

31-5
3°- S
40.8
40- S

3S-S
36-4

39-

S

18.3
27. o
27-5
23.8
23.8
26. 7

II-

3

12. 4
12. 2

12.8
12. 8

18.9

19-3
16. 7
16. 7
18. 7

27. o
27. 6

3S-I
2,3-2,

3S-I
39-9

4S-8
40. 2

47. o

45-8

13-8
18.3
21. 9
19. o
20.3

23-3
28.8

23-4
28. I

27. 2

C
1-3
6.9
8.4
9-5

10. 4
11. o

9-7
12.8

15-3
13-3
14. 2

16.3
20. 2

16. 4
19.7
19. o

FOR ALCOHOLIC EXTRACT

O.

I.

2.

3-

4-

6.

7-

8.

10.

13-

IS-

17-

21

.

29.

43-
64.

14. I

27. 2

31-4
32-5
32. o

34-7
36. o

39-7
41-5
44. 2

45-

5

46.9
47-9
55-7
60. o
64. o

6.4
IS-

5

19.4
19. 6
18.5
19.8
20. 6

24.7
24. 6

25. 2

25.6
26. I

25-5
30- 5

31. 6

33-6

4-5
10. 9
13.6

13-7
13.0

13-9
14-4
17-3
17.2

17-7
17.9
18.3

17-9
21. 4
22. I

23-5

23-9
27. o

29- 7

30. 6

33-4
34- o

35-2
38.7
39- I

42. o

4. I

8.2
II-

3

12. 2

14.8
12.5

14. o

14-5
16. 9

17. o
18.7
18.5
18.8
22. 2

21.4
23-5

2.9

5-7
7-9
8-5

10. 4
8.8

9.8
10. 2

11. 8
II. 9
13- I

13.0
13- 2

15-5
15-0
16.5

8.2

14. 6

17-3
17.8
22.8
24.8

29.4
27. 2

32.6

33-9
36.0
40. 7
41. I

44- 7

44-4
49-3

4-4
8.9

10. 4
10. 2

12.8

13-9

14. 6

14. o
16.5
16.6

18.7
20. 7
20. I

22.3
19.2

23.0

3- I

6.2

7-3

7- I

9.0
9-7

10. 2

9.8

13-

14.

14.

IS-

13-

16.

A comparison of the amount of amino nitrogen obtained by the Van
Slyke method with the amounts obtained by the electrometric and
colorimetric titrations was made. For this comparison bottles of

matured alfalfa silage and sweet-clover silage were used. The Van
Slyke determination was made in the usual way. The titrable nitrogen
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was determined both by the electrometric and the colorimetric methods.
The results from the Van Slyke method were very much larger, but we
did not investigate the reasons for this. To make a thorough compari-
son of the Van Slyke method with the formol-titration method would
probably require as extended an investigation as the one reported in

this paper.

Table VIII.

—

Comparison of amount of titrable nitrogen stated as milligrams per 5 gm,
of silage in alcoholic and water extracts, colorimetric titration

Age of silage.

Days
O
I

2

3
4
6

7

8

10

13

15

17
21 ,

29

43
64
98

Alfalfa alone. Sweet clover alone.

Water.

1-7
4. I

12.5
12. 9
13.0
13.0
13-7
16. 7
16. 9
12. 4
15-1
21. 2

24. 2

22.8
20. 7
24. 2

26.6

Alcohol.

4-5
10. 9
13.6

13- 7

13.0

13-9
14.4
17-3
17. 2

17. 6

17.9
18.3

17.9
21. 4
22. I

23-5

2-5

9-5
10.5
12.3
12. I

9.6

"3
12. 4
12. 2

12.8
12.8

18.9

19-3
16. 7
16. 7

1S.7

2.9

5-7
7-9
8.5

10. 4

9.8
10. 2

11. 8

II. 9
13-1

13.0
13. 2

15-5
15.0
16. 5

Sweet clover and com
meal.

Water.

1-3

6.9
8.4

9-5
lo. 4

9-7
12.8

15-3

13-3
14. 2

16.3
20. 2

16. 4
19.7
19. o

Alcohol.

10. 2

9.8
11. 6

II. 6

13- I

14-5
14. I

15.6
13-4
16. I

TOTAL, STUTZER'S, OR ALBUMINOID,AND AMID NITROGEN IN SILAGE,
KJELDAHL METHOD

The total and Stutzer's nitrogen, sometimes called "albuminoid

nitrogen," were determined on the samples from the moisture deter-

minations. The result stated as milligrams per 5 gm. of silage are

given in Table IX.

The results given in Table IX show that

—

(i) In silage from alfalfa alone the nitrogen in amid ^ form is approxi-

mately one-half of the total. In silage from sweet clover alone it is a

little more than one-half of the total, and when com meal is added, the

proportion is somewhat smaller.

1 The term "amid" is used simply to designate the difference between the total and albuminoid nitrogen

asdeterminedby Stutzer's method (Wiley, H. W., ED. official and provisional methods of anal-

ysis, ASSOCIATION OF official agricultural chemists, as compiled by the committeb on revision

OF methods. U. S. Dept. Agri. Bur. Chem. Bui. 107 (rev.), p, 38. 1908. Reprinted, 191a.
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(2) The nitrogen in amid form as determined by this method does

not show the same degree of progressive increase as the nitrogen deter-

mined by titration, as shown in Table VIII. The drying of the sample

may have something to do with this. That the process of drying may
influence the form of nitrogen in forage material is shown by investi-

gations now in progress at this laboratory.

(3) The amount of nitrogen in amid form in matured silage is a little

larger as determined by Stutzer's method than by the formaldehyde

titration method, but the differences are not large. Compare Tables VI

and VII with Table IX.

Table IX.—Total nitrogen, Stutzer's nitrogen, and amid nitrogen in silage

[Results are expressed as milligrams per s gms. of silage.]

Age of silage.

Alfalfa alone.

Total
nitro-
gen.

Stut-
zer's

nitro-
gen.

Amid
nitro-

gen.

Sweet clover alone.

Total
nitro-

gen.

Stut-
zer's

nitro-

gen.

Amid
nitro-

gen.

Sweet clover and corn
meal.

Total
nitro-
gen.

Stut-
zer's

nitro-
gen.

Amid
nitro-
gen.

Days.

I

2

3

4
6

7

8

10

13

15

17
21

29

43
64

29. o

29-5
32.0
29. o
25.0
26. o
26.5

25-5
24- 5
22.5
24. o

27-5
26.5
30.0
25-5
24. o

29. o
27. o
28.0

29-5
45- 5
26. 5

23.0
26. 5

27-5
26. o
28.0
26. o
32-5
24- 5
28.5
27. o

33-5
36.0
36.5
36-5

35-5

21.5
22. o
20. o
20. o

19-5

12. o
14. o
16.5
16.5
16. o

42.

41.

40.

35-

43-

27. o
26.5

25-5
24-5
26. o

35- o

33-5
32-5
30. o
37-

o

36. o
34-

o

34-

o

29- 5

32.0

19. o
16.5

15-5
15.0
16.5
15.0
14. o
16. o
14. o
14. o

16. o

17. o
17. o
15.0
20. 5
21. o
20. o
18.0

IS-

5

18.0

38.0

39-5
42.5
41-5
40.5
41. o
39-

o

35-5
35-5
37-

o

23-5
23-5
24. o
23.0
21.5
22. o
21.5

19-5
20. o
19. o

15.0
15.0
14.5
lo-S
17. o

14-5
16. o
18.5
18.5
19. o
19. o
17-5
16. o
15-5
18.0

NITROGEN IN WATER AND ALCOHOLIC EXTRACTS OF SILAGE,
KJELDAHL METHOD

The water and alcoholic extracts of silage were used for the deter-

mination of nitrogen, Kjeldahl method, both total and that not precipi-

tated by phosphotungstic acid. The results stated in milligrams per

5 grams of silage are given in Table X.

The results given in Table X show that

—

(i) The water and the alcoholic extracts gave practically the same
amount of total nitrogen, showing that the solvent action of 50 per sent

alcohol is not different from that of water.
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(2) The soluble nitrogen is approximately two-thirds of the total in the

silage made from alfalfa alone and from sweet clover alone. When com
meal was added to sweet clover, the proportion of water-soluble to total

nitrogen was a little more than one-half. Compare Table IX with
Table X.

(3) In the water extract the nitrogen not precipitated by phospho-
tungstic acid is approximately three-fourths of the total soluble nitrogen.

In the alcoholic extract the nitrogen precipitated by phosphotungstic

acid is practically the same in the amount as the total soluble in 50 per

cent alcohol.

(4) Thus, while the total solubility is not much different in the water
and alcoholic extracts, the nature of the solution is different as measured

by the precipitating action of phosphotungstic acid. This is either due

to the solubility of the protein phosphotungstate in the alcohol or to the

fact that the ionization is such that the precipitate will not form when
the phosphotungstic acid is added.

Table X.

—

Total nitrogen and nitrogen not precipitated by phosphotungstic acid in water
and alcoholic extracts of silage

[Results expressed as milligrams of nitrogen from 5 gm. of silage.]

Age of silage.

Alfalfa alone.

Water
extract.

Total
nitro
gen.

Nitro-
gen
not
pre-
cipi-

tated
by

phos-
pho-
tung-
stic

acid

Alcoholic
extract.

Total
nitro-

gen.

Nitro-
gen
not
pre-
cipi-

tated
by

phos-
pho-
tung-
stic

acid.

Sweet clover alone.

Water
extract.

Total
nitro-

gen

Nitro-
gen
not
pre-
cipi-

tated
by
phos-
pho-
tung
Stic

acid.

Alcoholic
extract.

Total
nitro-

gen

Nitro-
gen
not
pre-
cipi-

tated
by

nhos-
pho-
tung-
stic

acid.

Sweet clover and com
meal.

Water
extract.

Total
nitro-

gen.

Nitro-
gen
not
pre-
cipi-

tated
by
phos-
pho-
tung
Stic

acid.

Alcoholic
extract.

Total
nitro-

gen

Nitro-
gen
not
pre-
cipi-

tated
by
phos-
pho-
tung-
stic

acid.

Days
o

I

2

3

4
6
7

8
10
13

IS

17
21

29
«
64
98

26.0
30.0
29.0
27.5
26.5
30.0
30-5
30-

5

29. o
31-0
34-

o

3i- 5

35-0
3-So
37-0
34-5

20. o
16. s

19. o

23-

S

24.5
24-5

28. s
27.5

23.0
26.0
28.0
26.5
29. o
26.0

29-

S

30-0
31-0
30-

o

36. S
3»-o

36-

S

24.5
28.0

29-

5

28.5

30-5
28.0
31-0
31-0
34-

o

310
32-5
32-0
3(>-5

3I-S
42. o
38.0

7.0
19.0

7-5
19.0
20. o
18. s

10.5
12.0

14-

S

13-

S

IS- 5
15.0
18.0
20.0

17-

S

14-

S

16.5
18.5
20. 5
18.0

II.

o

17.0
16.0
18.0
I7-0
20.0

4-S
9.0

II.

o

10. 5
12.0
iS-o

16.5
17.0
18.0
19.0
2I-S

14. s

IS-S
16.0
19.0
19.0

IS-O

21. o
21. O
31-5
22. 5
23.0
22. 5
21.0
20. s

14. o

17-S
15- 5

17-S
16-

S

16. o
17-5
16. o

MS
12. 5

18.0
20.0

2I-S
20. 5
21. O
22.0
22. 5

2I-S
22. S

25.0

19. O

26. 5
34.0

19-

5

20. 5
22.0
22.5
21.5

23-S

23-0
24.0

14. o

14-

S

lb. o
I7-0
16.5
16. o
18.0

17-S
17. o

19-

S

21- S

26. o
36. o

19-

S

20. O
22. S
22. S
32. 5
25.0
34.0
24.5
26. s
36. s



132 Journal of Agricultural Research voi. xv. no. a

SUMMARY

(i) In this paper have been presented the results of making determina-

tions both by the colorimetric and electrometric methods in the water

and alcohoHc extracts of silage made from alfalfa alone, from sweet clover

alone, and from sweet clover plus corn meal. These extracts were also

used for the determinations of nitrogen in amino form by the colorimetric

and electrometric methods. Total nitrogen and albuminoid, orStutzer's

nitrogen, were also determined on these extracts. Quart milk bottles

were used as containers for the silage. A number of bottles of each kind

of silage were made and these were opened at increasingly longer intervals

of time. In this way the progressive chemical changes were traced.

(2) The weight of the bottles just after filling and when opened showed

that the .losses were approximately i per cent.

(3) The acidity of the alcoholic extracts of the three kinds of silage wag

greater than that of the water extract when the titration was made to the

point of color change for phenolphthalein. When the electrometric

method was used and the titration was made to a hydrogen-ion concen-

tration of Ph8.3, the point of color change for phenolphthalein, there

was no significant difference between the results obtained on the water

extract and that of the alcohohc extract. The greater values obtained

on the alcoholic extracts with the colorimetric method are probably due

to the highly colored material extracted by the alcohol. These mask the

end point.

(4) Most of the acidity is developed in the first 15 days.

(5) Adding corn meal to sweet clover increases the amount of acidity

in the resulting silage.

(6) The amount of amino nitrogen is practically the same in the water

and the alcoholic extracts. The amount of amino nitrogen in silage made

from alfalfa alone is notably larger than that made from sweet clover alone.

The addition of corn meal to sweet clover has no influence on the amount

of amino nitrogen developed.

(7) The amount of nitrogen in amid form as determined by Stutzer's

method was a httle larger than the amount of nitrogen in amino form as

determined by the formaldehyde method, but the differences were not

large. The nitrogen in amid form was approximately one-half of the

total.

(8) Approximately two-thirds of the total nitrogen in silage is soluble

in water and 50 per cent alcohol, the solvent action of the two being nearly

the same.

(9) From the various data presented, it appears that silage can be

made from sweet clover alone with less difficulty than from alfalfa

alone.
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EFFECT OF HYDROCYANIC-ACID GAS UNDER VACUUM
CONDITIONS ON SUBTERRANEAN LARViB

By E. R. Sasscer, Chief Inspector, and H. L. Sanford, Entomological Inspector,

Federal Horticultural Board, United States Department of Agriculture

INTRODUCTION

The advisability of fumigating all imported nursery stock at the port

of arrival as a requirement for entry has been under consideration for

the past five or six years. It is generally recognized that hydrocyanic-

acid gas under proper temperature conditions is effective against prac-

tically all insects likely to be introduced, provided these pests are neither

hermetically sealed in the tissues of the plants nor secreted in the soil

around the roots.

Under normal conditions from five to seven million ornamental plants,

such as azaleas, rhododendrons, aucubas, conifers, box bushes, bays, etc.,

are introduced annually with balls of earth around their roots. Needless

to say, it is impossible satisfactorily to inspect and safeguard plants of

this type without removing the soil from the roots. Inasmuch as prac-

tical horticulturists have strongly advised against this procedure on

account of its effect on the plants, the only safe course appeared to be

fumigation with hydrocyanic-acid gas under vacuum conditions. With

this end in view, experiments, listed in Table I, were conducted, in which

various dosages and exposures were used, in order that the effectiveness

and the degree of safety which might be obtained by fumigating all

introduced plants having balls of earth around their roots could be

determined.

EXPERIMENTAL PROCEDURE

Owing to the variable amounts of water in the soil surrounding the

roots of balled plants at the time of arrival, it w.as considered advisable

to fumigate subterranean larvae buried at various depths in dry, moist,

and soaked soil.^

The water content of the moist and of the soaked soil compared favor-

ably with the condition of the soil around the bulk of plants at the time

of arrival. Very few plants would survive shipment in soil as free from

moisture as that used in the dry experiment. Furthermore, the soil

' The soil used consisted of i part of manure, i part of peat, and 4 parts of loam.

Journal of Agricultural Research, Vol. XV, No. 3
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employed was not as compact as is usually the case with the average

balled plant.

Through the kindness of Messrs. J. A. Hyslop, J. J. Davis, and W. O.

Ellis, of the Bureau of Entomology, United States Department of Agri-

culture, larvae of the wheat wireworm (A'griotcs mancus Say), green June
beetle (Cotinus nitida Linnaeus), white grub (Lachnosterna sp.), and

Popillia japonica Newman were obtained and fumigated under the fol-

lowing conditions:

All larvae were exposed to the gas in potting soil, previously de-

scribed, contained in 3-inch flowerpots, with the exception of those used

in experiments 8, 9, and 10 (Table I), in which case 5-inch pots were

employed. The position of the larvae varied, being from i to 3 inches

from the surface of the soil.

After the larvae had been placed in the soil, the pots were transferred

to the fumigation chamber, the door closed, and the required vacuum
produced. At this point the gas was generated and allowed to pass im-

mediately to the fumigation chamber. At the completion of the re-

quired exposure the gas was removed from the fumigation chamber by
drawing a 25-inch vacuum.

In experiments 2 and 3 the larvae were exposed to the gas for the

entire period in a vacuum; in experiment 4 they were exposed to the

gas for 30 minutes in a vacuum, and 30 minutes under normal atmos-

pheric pressure; and in experiment 5 they were exposed to the gas in a

vacuum for 30 minutes, followed by a pressure of 10 pounds for 30 min-

utes. With the exceptions noted, all experiments were conducted with

a preliminary vacuum of 26 inches for 15 minutes, with exposures under

normal atmospheric conditions varying from i>^ to 2 hours.

CHEMICALS EMPLOYED IN THE GENERATION OF HYDROCYANIC-ACID GAS

Sodium cyanid guaranteed to contain not less than 5 1 per cent of

cyanogen and commercial sulphuric acid (about 1.84 sp. gr., or 66°

Baume) were used in all experiments. The cyanid was used in solution

prepared by dissolving 4 pounds of sodium cyanid in i gallon of water.

The formula employed was as follows

:

Sodium cyanid in solution ounces . . 2%
Sulphuric acid ounce. . i

Water ounce. . i

RESULTS OF THE EXPERIMENTS

Taken collectively the results given in Table I show that the killing

of 100 per cent can not be depended on where the larvae are in balls of

earth around the roots of plants, providing a dosage is used which will

not injure the stock. Particularly is this true in the case of moist and
soaked soil.



Oct. 21, i9j8 Effect of Hydrocyanic-Acid Gas on Subterranean Larvae 135

O a o o

O •O .> .>

'^ '^ c;

'^

<

^

a-e

^3

si

2 o
•a a

s^ ^

no

w-« do

> a

o d
J3 >

3 2
3°

3 w -
O c»-0
J3 "-

•

J3 6
:^5

.9-H

3 2

§6.

3
o .

•So.
a o

3 2

5^

et

3 E o o

:^ :^:^

S 2 S.-2

>3 "? ^ '^ ^ ^ "^U •>!

5 .

2 8



136 Journal of Agricultural Research voi.xv, no.
j

As shown in experiments 2 and 3, satisfactory results are not obtained

where the gas is held in the presence of a partial vacuum throughout

the entire exposure. It has also been proved that a 30-minute exposure

of gas in the presence of a partial vacuum and a 30-minute exposure

under normal atmospheric conditions are not effective/ The addition

of 10 pounds' pressure for 30 minutes in lieu of normal atmospheric

pressure yielded practically the same results. It is obvious from Table

I that the most satisfactory results were invariably secured where a

15-minute preliminary vacuum was followed by an exposure of one or

more hours under normal atmospheric conditions. Especially was this

true in the case of dry and moist soil used in experiments i, 6, 7, and 8,

where 100 per cent of the larvae of Cotinus nitida, Agriotes mancus,

Popillia japonica, and Lachnosterna sp. were killed. In the soaked-soil

tests, however, the results were unsatisfactory.

While there was no notable difference in the resistance to the gas by
the various larvae used, it was apparent that Popillia japonica was the

most difficult to kill, whereas Cotinus nitida was the most susceptible

to fumigation.

SUMMARY

(i) The effectiveness of the hydrocyanic-acid gas under the vacuum

process is influenced by the water content of the soil.

(2) The death of 100 per cent was not obtained with larvae in soaked

soil at dosages ranging from >2 ounce to 3 ounces per 100 cubic feet of

space.

(3) Eliminating the soaked-soil tests, by far the best results were

secured where a preliminary 15-inch vacuum preceded an exposure of

one and a half hours under normal atmospheric conditions.

(4) Hydrocyanic-acid gas in the presence of a 26-inch vacuum through-

out the entire exposure gave negative results with a dosage of one ounce

of sodium cyanid per 100 cubic feet and an exposure of i hour. An
exposure of the gas for one-half hour under 10 pounds' pressure, follow-

ing a half-hour exposure to a 27-inch vacuum, yielded very indifferent

results.

(5) With our present knowledge of vacuum fumigation with hydro-

cyanic-acid gas, a dosage exceeding i ounce of sodium cyanid per 100

cubic feet of space with an exposure oi ij4 hours is not recommended

for plants in foliage. Inasmuch as all larvae in soaked soil were not

killed with dosages varying from ^2 ounce to 3 ounces per 100 cubic

feet of space, fumigation at the port of entry with a dosage which will

not injure the plants can not prevent the introduction and establish-

ment of all subterranean pests.



CATALASE AND OXIDASE CONTENT OF SEEDS IN RE-
LATION TO THEIR DORMANCY, AGE, VITALITY, AND
RESPIRATION

By William Crocker, Plant Physiologist, Office of Physiological and Fermentation

Investigations^ and George T. Harrington, Scientific Assista^it, Seed-Testing Lab-

oratories, Bureau of Plant Industry, United States Department of Agriculture ^

INTRODUCTION

For some years the Seed-Testing Laboratories of the Bureau of Plant

Industry has been using daily alternating temperatures for the germination

of certain seeds. In these alternations the lower temperature is used about

1 8 hours and the higher temperature about 6 hours of the day. Alter-

nating temperatures are found especially favorable for the germination

of the seeds of certain grasses: Johnson grass, Holcus halepensis L.

{Sorghum halepensis Pois.) ; bluegrass, Poa praiensis; and Bermuda grass,

Capriola dactylon (L.) Kuntze. For Johnson grass 30° C. for 18 hours

and 45° C. for 6 hours of the day have been found to be the most favor-

able alternation. Sudan grass, Holcus halepensis sudanensis (Piper)

Hitchc. (Andropogon halepensis sudanensis Piper), which is closely

related to Johnson grass and very similar to it in most respects, germi-

nates readily at constant temperatures.

During the last three years (191 6-1 91 8) an extensive physiological

study of the behavior of the seeds of Johnson grass and Sudan grass has

been made in order to get some light on the reasons for the difference in

the requirements of the two regarding alternate temperatures for ger-

mination. Incidentally such a study has thrown much light upon

delayed germination and the physiology of germination in general.

Naturally seeds of several other grasses and of a number of other families

have been drawn into the investigation. The present paper reports one

phase of this extensive comparative study of the physiology of germination.

MECHANICS OF DORMANCY

A brief statement of the mechanics of dormancy in seeds can profit-

ably be made at this point, since it will throw light on experiments to be

reported later. There are two general means by which seeds are ren-

dered dormant even when they have morphologically mature embryos

and have all the external conditions necessary for germination.

» The writers are under great obligation to the following organizations for supplies of seeds used in this

work ; To the Office of Forage Crop Investigations for Johnson grass and Sudan grass seeds of various ages,

together with daU as to time and place of collection; to the Seed-Testing Laboratories for several samples

of 23-year-old seeds of A maranthus retroflexus; and to the botanica 1 staff of the State College of Washington

for the collections of various species of Amaranthus made at Pullman, Wash.
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(i) In one type the embryo is dormant (incapable of growth when it is

naked and furnished ordinary germination conditions) and must go through

some very fundamental changes preliminary to growth. The changes

generally require considerable time—weeks or months. Some experiments

already published (i^, ip,2oy and many unpublished experiments made at

the Hull Botanical Laboratory by Mr, W, E. Davis and by Mr. R. C. Rose,

together with experiments reported in this paper, show the optimum

condition for after-ripening of dormant embryos, as well as some of the

changes that occur in the embryo during after-ripening. The seeds of

this type that have been studied in some detail are: Various species of

Crataegus, peach (Amygdalus persica), Ambrosia trifida, A. artemisiaefolia,

and basswood {Tilia americana) . The optimum conditions for the changes

seem to be a temperature of about 5° C, with a good oxygen and water

supply. The removal of the carpels or other coat structures hastens the

process markedly, and it does so, in part at least, by increasing the water

and oxygen supply. The following changes have been noted as after-

ripening progresses: Continuous rise in the vigor of the resulting seed-

ling, as manifested by rate of growth and resistance to fungal attack;

increase in the amount of water absorbed; increase in total acid; slight

(due to buffers) but evident increase of H"*" concentration; increase in

catalase activity; and increase in oxidase activity, at least as manifested

by action on guaiacum and on chromogens already in the plant.

(2) In the second type of dormancy inclosing structures prevent

growth of the embryo by holding out some growth factor or holding in

some growth inhibitor. In hard seeds water is entirely excluded. In

Amaranthus and Alisma (13, 16) an initial rapid water absorption ceases

before the imbibitional and osmotic forces of the embryo are satisfied,

because the swelling of the seed contents is not sufficient to break the

seed coats. In many seeds the coats reduce the oxygen supply below

the necessary minimum for germination (75).

If freshly harvested seeds of Johnson grass are kept in a germinator at

20° C, they will remain dormant for more than a year and probably for

many years. Under this condition they go through a change by which

they become less capable of germination at higher constant tempera-

tures (25° or 30° C.) than fresh seeds and very much less so than dry

stored seeds of the same collection. The senior writer (15) has spoken

of this deepened dormancy produced in a germinator furnishing con-

ditions unfavorable for germination as "second dormancy" and has

pointed out its rather general occurrence as reported in the literature.

Johnson grass seeds in dry storage gradually after-ripen, so that their

germination improves both at alternate and constant temperatures.

The dormancy in seeds of Johnson grass is imposed by structures

inclosing the embryo (scales, pericarp, and tegmen), for removal of

1 Reference is made by number (italic) to " Literature cited," p. 172-174.
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these structures leads to very prompt and practically complete germi-

nation in fresh seeds, after-ripened seeds, and seeds in secondary dor-

mancy.^ The seedlings resulting in every case are about equally vigor-

ous. This indicates that the embryo itself is not dormant. As yet

how the inclosing structures enforce dormancy is not known. It is not

by the complete exclusion of water, for the intact seeds absorb water
rather readily; nor through reduction of the oxygen supply, for these

seeds are indifferent to variations in oxygen pressures varying from one-

fifth to five-fold that of the atmosphere ; nor to narcotic action of carbon

dioxid held in by the coats, as Kidd {28) has assumed to be the case for

all dormant seeds that absorb water readily, for caibon dioxid in high

partial pressures is a good forcing agent for dormant seeds of Johnson
grass.

CATALASE IN SEEDS

Catalase is an enzym capable of splitting hydrogen peroxid into water

and oxygen. It is universally present in living matter and was
supposed to be a property of all enzyms until Loew (jo) showed it to

be a distinct body. There is some question arising as to its real enzymic

nature (j, 2).

Its function in the organism is not known. Loew believed that in

aerobes it protected the organism against the accumulation of hydrogen

peroxid produced in respiration. In anaerobes he assumed that it

loosened chemical affinities, aiding splittings, oxidations, and reduc-

tions. Others have assigned it protective action against excessive

oxidations in the organism by organic peroxids or even an essential part

in respiration (27, p. 138-140). Whatever its function Zieger (57) has

shown some correlation between catalase content and metabolism in

animals, and several workers (2, 12, 13, 29, 32) have shown a rather

close correlation between respiratory intensity and catalase activity.

EXPERIMENTAIv METHODS

The catalase activity was determined by an apparatus similar to that

used by Appleman (z). A given weight of seed material, after being

groimd in a mortar and worked through a piece of bolting cloth of de-

sirable mesh, was shaken up in the bottle of the apparatus with 5 cc. of

distilled water. Then 5 cc. of hydrogen peroxid, rendered neutral to

phenolphthalein by the addition of Njio sodium hydroxid, was placed

in the dropping funnel and the bottle and dropping funnel lowered into

a water bath at 25° C. After the apparatus with its contents had reached

the temperature of the water bath the hydrogen peroxid was dropped

into the plant emulsion and the mixture continuously shaken. The
* ' —

2 One of the best ways to remove these structures is to pick the caryopses out of the scales and treat them
in the air-dry condition for two or three minutes with concentrated sulphuric acid. This treatment is

followed by thorouKh washing, first with a s per cent solution of sodium hydroccn carbonate and later with

distilled water. In the last washing care should be taken to rub away all the carbonized material.
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amount of oxygen delivered in any given time was read in the gas burette.

The amount of ground material used for each experiment varied from

0.5 to 0.025 gm., depending upon the catalase activity of the tissue. In

general 0.14 gm. gave a delivery rate suitable to t?he size of the apparatus,

and except when otherwise stated t^hat is the amount used for each

determination in this paper. Bolting cloth of 70 to 80 mesh to the inch

was found most desirable. This degree of pulverizing gave the maxi-

mum activity for Johnson grass, although finer grinding (100 mesh to

the inch) gave somewhat higher activity for the clover.

Dioxogen (H2O2 12 V.), of the Oakland Chemical Co., was used almost

exclusively in these experiments, but two other brands of hydrogen

peroxid were also tried, peroxid of hydrogen, 3.10 per cent, of the Oak-

land Chemical Co., and hydrogen peroxid, 2.7 per cent, of the J. T Baker

Chemical Co. The Bureau of Chemistry furnished the following pharma-

copeial analyses of these peroxids

:

Peroxid of hydrogen {Oakland Chemical Co.)

Available H2O2 2 .77 per cent.

Nonvolatile matter in 20 cc 0.021 gm.

Acidity, 25 cc 1.4 cc. Nfio.

No preservative detected.

Hydrogen peroxid, C. P. (J. T. Baker Chemical Co.)

Available H2O2 2 .92 per cent.

Nonvolatile matter, 20 cc 0.036 gm.

Acidity, 25 cc 1.77 cc. Njio

Acetanilid (declared i part in 7,000) i part in 18,000.

Dioxogen {Oakland Chemical Co.)

Available H2O2 3.63 per cent.

Nonvolatile matter, 20 cc o.oii gm.

Acidity, 25 cc 0.9 cc. Njio.

No preservative detected.

It is interesting to compare the percentage of HjOg found in these

peroxids by the pharmacopeial method with the percentages calculated

from the amount of gas delivered upon adding an excess of seed catalase.

In the determinations with catalase 2 gm. of the unneutralized peroxid

was diluted with 3 cc. of distilled water, and to this was added an emul-

sion of 1.5 gm. of powdered crimson-clover seeds in 5 cc. of water. The

gas delivered was reduced to standard pressure and temperature and

its weight calculated upon the assumption that it was all oxygen. From

this the percentage of HjOj in the peroxids was then calculated. The

values given in every case are the average of two or more closely

agreeing determinations. These percentages are shown in Table I.

It is seen that the catalase determinations are somewhat larger in

every case and that the percentage excess is about constant. This

discrepancy is probably due to a consistent error in one or the other of
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the series of determinations, but the possibility remains that the catalase

may split some of the H2O2 into hydrogen and oxygen. On the basis of

the first and the more likely assumption it seems probable that catalase

gives a complete decomposition of H2O2.

The biologist needs to know the concentration of the hydrogen

peroxids he uses, whether they are used as sterilizing agents, forcing

agents for dormant seeds, or for catalase determinations. He will find

the catalase method sufficiently accurate and easily run with materials

at hand. The determination can be made without neutralizing the

acidity of the peroxids, even when it is rather high. The great excess

of the plant powder used (probably acting as a buffer), along with the

dilution of the peroxids, sufficiently counteract the inhibiting effects of

the acids to give complete decomposition.

We have found dioxogen a desirable brand of hydrogen peroxid for

catalase determinations and for use as a forcing agent for dormant
seeds. It bears a rather high percentage of HjOo. The concentration

runs almost constant for different bottles of the same lot (date cut into

Table I.

—

Percentage of H2O2 in hydrogen peroxids

Source of material.
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Appleman (i) seems to consider the plant material the main source of

destructive acids. In our work with seeds the hydrogen peroxids are

the main source of injurious acids. Without neutralization the two
more acid hydrogen peroxids mentioned above give (with Johnson
grass) only about one-third as much catalase activity as does the less

acid dioxogen. When all these peroxids are neutralized or an excess of

calcium carbonate is used, the three give more nearly equal catalase

activity. The more acid ones are still somewhat below the dioxogen,

due either to lov/er concentration or other inhibitors. Table II shows
the effect of the reaction of the dioxogen upon the catalase activity of

Johnson grass.

Table II.

—

Catalase activity as modified by the reaction of the dioxogen

[Johnson grass dry-stored i year. 70-mesh bolting cloth, o.i gm. of meal. 0.9 cc. of A7io sodium hydroxid
needed to neutralize 25 cc. of dioxogen to phenolphthalein]

Amount of Nlio sodium hydroxid added.
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Table III shows the effect of the reaction of the dioxogen upon the

catalase activity of a number of seeds. An examination of the table will

show that unneutralized dioxogen inhibits in all and that the magnitude

of the inhibition falls as the amount of powder increases. The plant

material apparently acts as a buffer. In the after-ripened peach seed

when 0.2 gm. of the seeds is used there is practically no inhibiting, while

it is very marked with

0.05 gm. These relations

for the peach are well

shown by the curves in Rj

figure I.
^

-^O

From these results it

K3S

is evident that one must l^j

look after the reaction -^ ^^
Nof the hydrogen peroxid

in measuring the cata-

lase of seeds. In his 5^ ^^
work with the potato ^
tuber Ap pieman (/) U

maintained a neutral ^ ^^

reaction by addingan ex- ^
cess of calcium carbon- kj ^ ^
ate. He showed that l^^

the emulsion of ground ^
tuber either contained N
or developed sufficient kj

acid to injure greatly ^
the catalase after stand- ^
ing for a number of days >^

and that this injurycould

be avoided by grinding

the tuber with an excess

of calcium carbonate . 1

1

^ /O

S

IS

that

/ ^ 3 ^ s
/:>(//?/}r/o/v o/^ r//£/^cr/ou/A/A7/A/(/r£s

-
,

Fig. I.—Graphs showing the effect of the acidity of dioxogen upon
prODaOie, nowever, the catalase activity of after-ripened peach seeds; also the buffer

effect of the seed material; i, 0.2 gm. of seed material, dioxogen... - neutralized; 2, 0.2 gm. of seed material, dioxogen not neutralized; 3,
activity 01 newly-ground o.os gm. of seed material, dioxogen neutraUzed; 4, 0.05 gm. of seed

tubers not treated with material, dioxogen not neutralized.

calcium carbonate was partly, if not mainly, due to the acidity of the

hydrogen peroxid used.

DEGREE OP PULVERIZATION

The degree of pulverization has considerable effect upon the activity

of catalase. As Table IV shows, Johnson grass gives maximum activity

with medium fineness of the powder (70-80-mesh sieve) and very much
less activity with fine grinding (200-mesh sieve), as well as with much
coarser meal (40-mesh sieve). Crimson clover gives maximum acti\'ity
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Table III.—Effect of the reaction of the dioxogen upon the catalase activity of various
seeds; also the buffer effect of the seed material

[0.9 cc. of Njio sodium hydroxid neutralizes 25 cc. of dioxogen to phenolphthalein.
for clover; 70-niesh for other seeds.]

loo-mesh bolting cloth
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Table V shows the diameter of the cells of various parts of the two
seeds mentioned in Table IV; also the pore diameter of some of the

sieves used. Maximum activity is obtained when the average diameter

of the sieve mesh is several times the diameter of the cells. The greater

injury from fine pulverizing in Johnson grass may be due in part to the

larger average cell diameter. Johnson grass catalase may also be relatively

sensitive to mechanical agitation, as later sections show it to be to heat

and aging effects. The endosperm of grasses has extremely low cata-

lase activity, so it is left out of consideration in this connection. It is

evident from the facts mentioned in this section that attention must
be given to uniformity and fineness of pulverization.

Table V.

—

Diameter of cells of various parts of seeds of Johnson grass and crimson
clover

Material.

Crimson clover:

Cells of cotyledons
Hypocotyl, except small cells of plerome

Johnson grass:

Scutellum, except elongated enzym layer
Coleoptile and coleorhiza same, except small primordial cells

200-mesh bolting cloth

loo-mesh bolting cloth

70-mesh bolting cloth

Sieve with o.6io-mm. holes

Cell or
mesh di-

ameter.

16- 40
15- 30

33- 66
16- 33
33- 75
140-183
2 14-2 50

610

DEGENERATION OF THE POWDER

The powder ready for catalase determination degenerates rather rap-

idly when stored in a desiccator over quicklime. Table VI shows typical

data for Johnson grass, the only species tested. This degeneration may
be due in part to excessive drying, but it is probably in the main an

aging change. A later section shows that there is a slow time degener-

ation in intact seeds. The morphological integrity, however, seems to

secure very slow degeneration. From the results reported in this sec-

tion it is evident that it is best to grind and screen the seed material

just previous to making the catalase determinations.

Table VI.

—

Degeneration of catalase in the powder of Johnson grass seeds

Period of storage of powder.

I day. ..

54 days.

Oxygen liberated
after—
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In his work on plant oxidases Bunzell (11) frequently uses powdered

plant material, but he has apparently made no statement as to the

degeneration of the oxidase in it with storage.

VARIOUS ORGANS OP THE SEED

In the grains of grasses there is considerable difference in the catalase

activity of different regions of the grain. Tables VII, VIII, IX, and X
give data on this point. In Stoner wheat (Table VII) the catalase

activity of the embryo is 28 to 29 times that of the endosperm. The

complete caryopsis shows very low activity as compared with the embryo

and less than twice that of the endosperm. The embryo of this wheat

constitutes about 3.3 per cent of the caryopsis. The low catalase activity

of the endosperm agrees with the claim of Griiss {24, p. 20-34) and others

that it is composed in the main of dead cells except for the aleurone layer.

Burlakow (4) has found that the respiratory intensity of wheat embryos

is about 20 times that of the endosperms. It seems then that in these

seed organs high catalase activity parallels high respiratory intensity.

Table VII.

—

Catalase activity of embryo, endosperm, and caryopsis of Stoner wheat;

collected in August, 1917; run on October 5, igiy

Part of seed used

Oxygen liberated after-

I min. 3 mm. s nun. lo nun,

Caryopsis less embryo
Caryopsis
Embr)'-o

Ratio, embryo to endosperm

Cc.

o.«
1-3

23-3
29:

1

Cc.

1.4
2. 2

39-3
28:1

Cc.

1-7

2.7

Co.

2.0

3-5

With the smaller grass seeds it is an almost endless task to separate

enough embryos to make catalase determinations, so in such grasses

other methods were used for estimating the activity of various regions.

In a fixed hybrid of Tunis grass and sorghum the catalase activity was

measured for the caryopsis and the endosperm (Table VIII). The

activity of the embryo was calculated from these data and from the fact

that the embryo constitutes 9.6 per cent of the caryopsis. Such calcu-

lations tally closely with the actual measurements in the wheat, and it is

probable they would do so here.

Table VIII.

—

Catalase activity of the caryopsis and endosperm, of a fixed hybrid of Tunis
grass and sorghum, seedsfreshly harvested

Region of seed used.

Caryopsis less embryo
Caryopsis
Calculated for embryo
Ratio, embryo to endosperm

Oxygen liberated after

—

Cc.

4.4
II-

3

65-7
16. 4:1

Cc.

9.8
22. 2

112. 5
II. 6:1

Cc.

13-4
29. 2

'^2,2,- I

10:1

Cc.

19. o

37-9
170. I

9:1
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In Sudan grass the caryopsis was divided into a distal and proximal

portion by cutting it crosswise just distal to the embryo. The proximal

embryo portion was somewhat larger than the distal endosperm portion.

As shown in Table IX, the embryo portion is more than twice as active

as the complete caryopsis and several times as active as the endosperm

end. Here, again, the embryo has very high catalase activity in com-

parison with the endosperm.

Table IX.

—

Catalase activity of the distal and proximal ends of the caryopsis of Sudan
grass collected at Khartum, Africa {igil?). Immature and mature grains separated

with a vertical air-blast separator

Sort of grain used.
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MATURITY OF THE GRAINS

The catalase activity of the grains of grasses is determined to a large

degree by their maturity at the time of harvest. The immature grains

have much higher activity than the mature ones. This holds for Sudan

grass, as shown in Table VIII. This table also shows that the higher

activity of immature grains is not lost with thorough drying, but that

it is maintained after years of dry storage.

Since the immature caryopses are much smaller than the mature ones,

the question naturally occurs, Is the activity per caryopsis about the

same in mature and immature seeds? Table XI gives data that answers

this question. In this experiment 10 seeds were used in each determi-

nation.

Table XI.

—

Catalase activity of an equal number of mature and immature seeds of Sudan
grass collected at Khartum, Africa {igii9)
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Newly harvested seeds of Amaranthus retroflexus show a similar rela-

tion between the catalase activity of immature and mature seeds. The
data for this seed are given in Table XIII.

Table XIII.

—

Catalase activity of tnature and immature seeds of Am,aranthus retroflexus;

collected on September 14, IQI^J run on September 24, igiy
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catalase activity of these seeds can be greatly reduced by repeated sub-

jection to germinative conditions followed by drying.

Table XV.

—

Effect of drying on catalase activity of Johnson grass; collected on September

22, 1917; run on October 22, igiy

Treatment of seed.

Stored dry
In germinator 14 days at 20° C
In germinator 14 days at 20° C, then dried 2

days

Oxygen liberated after-

Cc.

6.3

4.9

4.3

Cc.

13-7
10. 2

9.1

Cc.

19. o
14. 2

12. 6

Cc.

27.4
21. 2

18. s

Table XVI shows the fall in catalase produced by drying a sample of

Johnson grass that has low activity, due to a year's sojourn in a germi-

nator, at 20° C. The absolute fall is low, but the percentage fall rather

large.

Table XMl.—Effect of drying on catalase activity of Johnson grass in germinator for

I year at 20° C.
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Table XVII shows the relation of catalase activity to age and vitality

in the seeds of Johnson grass, Sudan grass, and Amaranthus retroflexus.

Table XVII.

—

Relation of catalase activity and age in dry-stored seeds

[Only mature seeds used. Catalase determinations made between Sept. 26 and Oct. 5, 1917I

Kind and source of seeds.

Date
of col-

lec-

tion.

Oxygen liberated after

—

3
tain.

S
min.

Ger
mina-
tion
tem-
pera-
ture.

Percentage of germina-
tion in

—

3 da. 5 da. 7 da. 15 da

Johnson grass:

Arlington Farm, Va
Do

Fort Worth, Tex
Sao Paulo, Brazil
Bushnell Co., St. Louis, Mo. .

.

Soudan grass-

Sherman, Tex
Khartum, Africa
Khartum, original importation

Amaranthus retroflexus:
Pullman, Wash
Arlington Farm, Va
Chicago, 111

Do
Do

Allenton, Mo
Fort Collins, Colo
East Lansing, Mich

Amaranthus graecizans:
Pullman, Wash

Amaranthus blitoides:

PuUman, Wash

1917
19 16

1911
1908

1905

1916
1911

1908

1917
1917
1917

1915
1914
1894
1894
1894

1917

1917

Cc.
6-3
4-3
3-2
1.6

1-7

4.2
3-8
2.0

8.3
8.4
7-9

8.S
6.3
8.7

4.4

3-S

Cc.

13-7
8.6
6-5
3-1
3-3

9.1

7-5
4.2

18.

1

13-

9

16.8
16. 5

IS-

7

13-8
12-5

8.S

7-3

Cc.
19.0
II. 4
8-5
4.2

4.4

12.4
10. I

S-8

22.7
16. 7
20. 7

20.9
19. 2

15-

S

15.2
22.7

10. s

9.1

Cc.

27.4
16.0
II.

6

6.0
6.3

17-3
14. 2

26.8
19.8
24.9
24.8
22.3
18.5
17. o

26.8

13.0

II. o

"C.
25-40
25-40
25-40
25-40
25-40

2S
25

25

40
40
40
40
40
40

99
30
37
94
100

99
88
98

100

91
100
100
100

100
100
100
100
100

100

S8

In Johnson grass the fall evidently begins with harvest and continues

for an indefinite time. The degeneration of catalase seems most rapid

during the first year and slows down considerably during later. periods.

The same thing apparently happens in Sudan grass, but data are lacking

for the 1 91 7 crop. In both a very considerable fall in catalase activity

occurs, with little or no fall in vitality. There is also considerable

catalase activity when seeds fail to germinate at all. In the 9-year-old

Sudan grass the percentage of germination is still very high (98 per cent),

although the catalase activity has fallen to less than one-half that of the

I -year-old, and probably to less than one-third that of the freshly har-

vested. In the 9-year-old seeds there is somewhat lower vigor, as shown

by the rate of growth of the seedling and the predisposition of the seed

to fungus attack. In Sudan grass the catalase activity seems to be an

excellent indicator of age. It is apparently a better indicator of age than

it is of vitality. The same relation holds for Johnson grass, in which the

catalase activity falls continuously with age except for the poor crop of

1908, which shows a slightly lower activity than the 1905 crop.
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Figure 2 shows graphically the change in catalase activity and the

percentage of germination with aging in Johnson grass seeds. The

rather great irregularity in these curves is probably largely due to the

diversity of source and handling of the several crops. In general, how-

ever, the catalase curve is concave upward while the vitaUty curve is

convex. The rise in germination during the first year is due to after-

ripening and not to increased viability, for treatment of the new seeds

raised their germination to practically 100 per cent. It is interesting

to note the similarity of these curves to the catalase viability curves in

heated seeds given on

p. 154. This similarity

strengthens the coagu-

lation conception of age

degeneration (p. 154).

Catalase activity
might easily be used as

a method of estimating

the age of seeds. If such

were done, the following

precaution would be

necessary: The test

must be compared with

a crop of seeds of the

same variety and of

known age and like ma-
turity, to serve as a

standard. It could be

applied only to seeds

that have markedly

time-labile catalase. It

must be known that the

seeds have gone through

.... no drastic catalase-de-
FiG. 2.—Graphs showing changes in viability and catalase activity in

_

Johnson grass, caused by aging; Solid line= catalase; broken line= stfOyiUg COUdltlOU, SUCh

viabiuty. as subjcctiou to high

temperatures or repeated wetting and drying. Before one could apply

this method to any particular kind of seed he would have to know in

detail the behavior of its catalase, and the method would show its mam

value when applied in conjunction with viability tests.

Practically all grass seeds go through a so-called after-ripening period

following harvest. Air-dry storage or even storage in a drier condition

seems to be a good, if not the best, condition for after-ripening. After-

ripening is marked by improvement in rate and percentage of germina-

tion. The period of after-ripening is transient and is accompanied by

only moderate improvement in germination in most of our readily ger-

6 9
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minating grain grasses. In other grasses that are markedly resistant

to germinating conditions the period is longer and the increase in ger-

minative capacity very marked {3, 21). Even in the grasses that ordi-

narily germinate readily, the dormancy may be deepened and the after-

ripening rendered slow and important by certain conditions during
ripening. This is true of ' 'rain barley" (36) (barley ripening during rainy

weather), and to a degree of "frosted grains" (grains frosted during the

early stages of ripening) (34, p. 436). So far as studied, the dormancy in

grass seeds seems to be imposed mainly by coat structures, and there is

no evidence of rise in vigor of the embryo with after-ripening, as there is

in peach and other seeds in which the embryos have a self-imposed dor-

mancy. It is also interesting to note that in the grasses there is no rise

but a very considerable fall in catalase activity with after-ripening, while,

as shown in a later section, there is a great rise in catalase activity with
after-ripening in seeds in which the embryos themselves determine the

dormancy.

There is no evidence that the catalase of Johnson grass differs essen-

tially either in amount or time lability from that of Sudan grass,

although the seeds of the former are very refractory to germination

conditions, and the latter respond readily.

In the seeds of Amaranthus retroflexus there is considerable variation

in the catalase activity of the several crops studied, but there is no
regular fall with age or even viabiHty of the seeds. The catalase of

this seed seems to be far more nearly time stable than is that of the

grasses studied.

Crocker and Groves (17, 23) have offered considerable evidence for

the conception that age degeneration of seeds is due to a time-tempera-

ture denaturirg of certain colloids (probably proteins) of the embryo.
There also seems to be a time denaturing of the catalase of seeds, but
it does not parallel the time denaturing of the materials essential to

viability. The time lability of substances connected with viability

may be compared with the time lability of catalase. The former are

relatively time-stable in seeds of Johnson grass and Sudan grass (at

least for the early period of storage), while the latter is relatively time-

labile. In species of Amaranthus the former are relatively time-labile,

while the latter is nearly time-stable.

Evidence given in other parts of the paper indicates that catalase

activity is more closely correlated with respiration intensity than it is

with viability; but the correlation with respiration is evidently not uni-

versal, for one can hardly conceive that seeds of Amaranthus retroflexus

that have died from age still maintain full respiratory vigor.

The slower or lower percentage of germination shown in the 191

7

Johnson grass and two lots of the 191 7 Ainaranthus retroflexus seeds is

due to the unafter-ripened condition and not to low vitality. The seeds

of A. hlitoides and A. graecizans show a much lower catalase activity
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than the seeds of A. retroflexus. They also show slower germination.

It is not known whether the low catalase activity in these two species

is due to a relatively low percentage of embryo material (the main seat

of catalase) in the seeds, to some other specific difference in these seeds,

or to lower vigor. The slow germination, however, may represent an

unafter-ripened or dormant condition rather than low embryo vigor.

Seeds of Amaranihus retroflexus after-ripen during the first three or

four months in dry storage. There is no evidence of embryo dormancy

here. After-ripening is not marked by an increase in catalase activity.

In this respect it resembles Johnson grass, but, unlike seeds of Johnson

grass, there is no fall in catalase activity with age.

I'

bi/O
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In heated seeds of Johnson grass the catalase activity more nearly

parallels the respiratory intensity than it does the viability or vigor of

the seeds, for seeds heated at 81° C. for one hour show a great lowering

in the respiratory intensity, but an increase in the rate of germination.

Tables XIX and XX shov/ this relation. The respiration rate was

determined by the method described by Grafe (22, p. 357-361), with

the exception that Reiset instead of Pettenkofer tubes were used for

absorbing the carbon dioxid. The intensity of respiration is initially

more than twice as high in the unheated as in the heated seeds. It

rises in both with time, but heated seeds gain on the unheated. The

gain in intensity in both is due to the initiation of germination and the

faster gain in the heated seeds is caused by the more rapid germination

in them.

Table yiWll.^Effect of heating air-dry seeds upon their catalase activity and vitality

Seed used. Amount of heating.

Oxygen liberated after- Per-
cent-
age of

germi-
nation
in 9
days.

Johnson grass i year old
Do
Do
Do
Do
Do
Do

Amarantkus retroflexus,

19 1 7 crop.

Do
Do
Do
Do
Do

None
K hour, 81° C,
2 hours, 81° C. .

4 hours, 81° C. .

17 hours, 81° C.

48 hours, 81° C.

5 hours, 100° C.
None

yi hour
4 hours, 8i°C. . .

17 hours, 81° C. .

48 hours, 81° C.
4.5 hours, 100° C.

Cc.

4.4
3-1
2.9
2.6

7
.6

o. o

7-5

Cc.

9-3
6.2

5-7
5-2

Cc.

12. 7
8.4
7-7
6.7

i-S
1-7

o. o

14-

S

5-2

4-7
4.6
•7

9-3
7-1

7.8
1-3

10. 9
9-3
9. I

1.6

Cc.

17.8
II. 6

10.3

8.4
1.8

2. 2

o. o
16. 9

12. 4
10. 7

10.3
2. o

82

95
92

49
00
00
00
100

25
00
00
00
00

Table 'KIX^.^Effect of heating upon the respiratory intensity of l-year-old Johnson
grass seeds

[Air-dry seeds heated i hour at 8i° C, then soaked 24 hours at 20° C. Temperature of respiration chamber
20° C. Respiratory intensity=milUgram of carbon dioxid produced by 10 gm., dry weight, of seeds
per 24 hours]

Period.

First (17 hours). ..

Second (22 hours)
Third (18 hours). ,

Respiratory intensity.

Heated. Unheated.

4-5
12. 9
20. 2

9.6
13-8
17.8

Ratio,
unheated
to heated.

2. I

I. I

.86
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Table XX.

—

Effect of heating i-year-old Johnson grass seeds for i hour at 81° C. upon
rate of germination
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Table XXI.

—

Effect of retention in a germinator on catalase activity of seeds of Johnson
grass

Treatment of seeds.
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respiratory intensity the possible longevity would be a little more than

one-third as great, figured on the initial rate in the active seeds. Even

if the longevity of imbibed seeds in the soil be dependent upon some

contingent other than exhaustion of stored food, this reduction in

respiration is of significance. It will leave more stored material for build-

ing purposes in case germination does occur after a considerable period

in the soil.

Atwood (j) observed that unafter-ripened seeds of Avena fatua become

more dormant after they have been in a germinator for a few days. The

power of the seeds to absorb oxygen falls with the deepened dormancy.

This may be parallel to the reduced respiration just discussed for Johnson

grass. There is also the possibility, however, that oxygen absorption in

the wild oats is limited by permeability characters and not by respiratory

capacity. There is need of following the changes in catalase activity as

well as carbon-dioxid production during the acquiring of deeper dormancy

in this seed as well as many others.

It is quite within the range of possibility that longevity of imbibed

seeds in the soil is commonly limited by the exhaustion of stored foods

by respiration. Seeds of Amaranthus retroflexus retain their viability in

the soil for at least 30 years {18) and those of Brassica nigra fof many
years (2S). Both absorb a considerable percentage of water. The
same is probably true of many other seeds. In such seeds respiration

must be at a very low intensity to avoid death from food exhaustion.

When the air-dry seeds (carpel removed) of the peach are placed in

a germinator the catalase activity rises continuously for more than 30

days and probably for more than 54 days, as shown by Table XXIII.

The rate of rise in catalase activity is very much greater at 7° C. than

at 20° or 25°, and it is somewhat greater at 20° than at 25°. The
temperature 5° has been shown to be very nearly the optimum for

after-ripening of the embryo of Crataegus spp., and it is an excellent

temperature, if not the optimum, for the after-ripening of the peach

embryo as well as other dormant embryos. The temperature 7° proved

very favorable for the after-ripening of the peach, as after 54 days

many of the seeds showed s^gns of germination, and 10 days later all

had germinated, while all those in the germinator at 20° and 25° were

dormant, except for the small percentage that germinated the first

few days, as always occurs when carpel-free seeds are put into a germi-

nator at 20° or 25°. These produce only stunted seedlings.

It would be of interest to know whether rise in respiratory capacity

accompanies the very marked rise in catalase activity during the after-

ripening of peach seeds. Greatly increased vigor of the seedlings result-

ing from after-ripened seeds as well as the rather general parallel found

between catalase activity and respiration would suggest increased

respiratory capacity.
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Tabi^B XXIII.

—

Effect of the temperature of the germinator on the increase in catalase
activity of peach seeds; collected on September 15, igij, dried,freefrom carpels, and put
into the germinator on October il, igiy

Treatment of seeds. Period

Oxygen liberated after-

I nun. 3 min. 5 mm. 10 mm

Dry-stored
In germinator at 20° C
In germinator at 7° C.

Dry-stored
In germinator at 25° C
In germinator at 20° C
In germinator at 7° C.

Dry-stored
In germinator at 25° C
In germinator at 20° C
In germinator at 7° C.

Days.

9
9
9
30
30
30
30
54
54
54
54

C c.

I

3

4

13

5-

5-

15

Cc.
3-1
9.6

II. 9
2.8

11. 7

12. 2

29-3
2.6
13.8

15-3
41. 2

Cc.

4-7
13.2
16. 9
4.2

16. o
16. 7

36.2
4. I

19.8
23. o

57-

o

Cc.
'9-7
20. 4
23.6

21. 9
22. 7

Certain contrasts between the behavior of peach and Johnson grass

seeds are evident and very important.

Air-dry seeds of peach have very low catalase activity when com-

pared with air-dry seeds of Johnson grass, Sudan grass, and other seeds

of the same year's collection. This difference is magnified when it is

recalled that the peach material is all from the embryo, the active part

of the seed, while that of Johnson grass is only about 10 per cent embryo
with about 90 per cent endosperm, material of low activity.

The peach seeds rise in catalase activity when being kept in the ger-

minator, and the rise is much faster and greater at 7° than at 20° or

25° C. Johnson grass seeds fall in catalase activity with retention in

the germinator, and the fall is more rapid at 20° than at 7°.

After-ripening in the peach involves fundamental time-requiring

changes in the embryo. It progresses rapidly in a germinator at a low

temperature, apparently not at all in dry storage, and very slowly, if

at all, in a germinator at 20° C. or above. It is marked by a very great

rise in catalase activity. After-ripening in the Johnson grass does not

seem to involve fundamental time-requiring changes in the embryo.

It proceeds well, if not best, in dry storage and is accompanied by a fall

in catalase activity.

Other seeds (hawthorn and basswood) with dormant embryos behave

like the peach in after-ripening. As in the peach, the catalase changes

are accompanied by other chemical changes, already mentioned in the

introduction.

RISE OF CATALASE ACTIVITY WITH GERMINATION

There is a big rise in the catalase activity of Sudan grass seeds with

their germination. This is well shown in Table XXIV for the 191

6

crop of Sudan grass. In this experiment the seeds were used without

separating them into mature and immature lots. In the germinated
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lot the seeds were grown at 20° C. until the coleoptiles were 4 to 6 cm.

long. The germinated seeds were then allowed to dry for seven days in

laboratory air before they were ground. As is seen from Table XXIV,

the catalase activity is about doubled by germination to the stage

reported above. Germinated Johnson grass seeds showed similar

behavior. The reported activity for germinated seeds may be low,

for, as has been shown, drying commonly decreases catalase activity in

seeds. There seems no doubt that this rise in catalase activity is accom-

panied by a rise in respiratory intensity, for Rischawi (33, p. 253), has

shown that when wheat grains germinate and grow in darkness at 21° C.

the respiratory intensity rises from a value of about 14 the first day to

50 on the tenth day, where it is maintained until the sixteenth day. It

gradually falls from there on, owing to the exhaustion of stored foods,

until it attains a value of 15 on the twenty-sixth day.

Table XXIV.

—

Catalase activity of germinated and ungerminated Sudan grass seeds
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mination; (4) same as the last but only the filtrate passing through a

porous clay (fine Berkefeld) filter used in the run.

Tabi,^ XXV.

—

Solubility of catalases of amaranthus and fohnson grass seeds

Seed and treatment.

Amaranthus retroflexus:

Powder
Powder shaken with water i hour at 25° C
Filtered extract (C. S. & S. filter No. 595)
Filtered extract (Berkefeld)

Johnson grass

:

Powder
Powder shaken with water i hour at 2 5° C .

.

Filtered extract (C. S. & S. filter 595)
Filtered extract (Berkefeld)

In amaranthus shaking the powder with water for one hour reduced

the catalase noticeably. The catalase of this seed seems to be sensitive

to such agitation. Filtering through either the filter paper or the

Berkefeld filter reduced the activity somewhat more than 50 per cent,

the latter showing slightly the greater reduction. In the Johnson grass

shaking for one hour with water gave scarcely any reduction in activity,

while filtering through the filter paper gave a reduction of about 70 per

cent, and filtering through a Berkefeld filter a reduction of about 86

per cent.

On this basis somewhat more than 50 per cent of the catalase of amaran-

thus seeds is insoluble, while 70 per cent or more of that of Johnson grass

seeds is insoluble. This, however, takes no account of the portion of

catalase that may be chemically united with or adsorbed by the insoluble

seed powder and the filters. It is likely also that the catalase complex is

in the colloidal state and that the portion in the lower degrees of disper-

sion is held back by the fine filter, especially after it is blocked by colloidal

materials. The proportion of soluble and insoluble catalase in these two

seeds is not such as to throw any light on the relative time and heat

stability of the catalases of them.

OXIDASE IN SEEDS

All oxidase determinations were made at 30° C. in the Bunzell simpli-

fied apparatus (10) either with or without caustic boats suspended from

the manometer for absorption of carbon dioxid. All the material used

was ground so that it would pass through bolting cloth with 70 or 80

meshes per inch. Seeds of Johnson grass, Sudan grass, or Tunis grass-

sorghum hybrid, when used without removing the scales, were ground

until about 85 per cent by weight pass through the bolting cloth, the

remaining 15 per cent being discarded.
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On account of its relative inactivity, the quantity of material used was

necessarily large, usually 250 or 500 mgm. for each determination. The

quantity of reagents used was uniform in all determinations, 10 mgm.
of a solid reagent or 2 drops of para-cresol for each determination.

The different experiments were run for a length of time varying from

4J/^ to 24 hours.

OXIDASE ACTIVITY TOWARD DIFFERENT REAGENTS

Ten different lots of seeds, comprising Johnson grass, Amaranthus

retroflexus, Sudan grass, wheat, and a fixed Tunis grass sorghum hybrid

were tested for oxidase activity with pyrogallol, pyrocatechol, and para-

cresol.^ With very few exceptions pyrogallol gave the greatest activity,

para-cresol next, and pyrocatechol least (11). Frequently the oxidase

reaction toward pyrogallol and pyrocatechol proceeded at practically

uniform rates throughout the experiment even when the experiment

was run for nearly 24 hours. In some of the experiments, however, the

rate slowed down perceptibly after the first few hours, although it never

reached a definite end point with any of the reagents used. This is in

marked contrast to the course of oxidase activity shown by Bunzell (9)

with a large variety of plant materials. In his work the reaction seemed

to be practically complete in 2 or 3 hours.

The activity towards para-cresol usually started very slowly (probably

on account of the limited solubility of the reagent), increased somewhat

in rate after the first few hours so that the total reduction in pressure

sometimes temporarily exceeded the total reduction with pyrogallol as

the reagent, and then decreased in rate so that the pressure reduction

again became considerably less than with pyrogallol.

All of the material used had relatively low activity. The greatest

activity of the most active material used (except scales and sterile

florets) caused a total reduction of pressure of about 95 mm. in 1 9 hours

with 250 mgm. of the material and 17 cc. as the active volume of gas.

This is equivalent to the absorption of only about 10.7 cc, or 15 mgm. of

oxygen in 24 hours per gram of the ground seed material
;
yet this is more

than 10 times as great an activity as that shown by ground peach embryos.

Johnson grass seeds were more active than any other seeds used, with

amaranthus a close second. The Tunis grass-sorghum hybrid was

somewhat less active, and Sudan grass (1911 seed) very much less active.

Wheat (entire caryopses) showed very little oxidase activity, and peach

embryos practically none at all.

DETAIIvED ACCOUNT OF OXIDASE EXPERIMENTS

The results given in the following paragraphs were obtained with

pyrogallol as the reagent. The amount of oxidase material used was not

1 Preliminary trials with Johnson grass seeds showed practically no activity toward hydroquinone
and tyrosine.
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uniform in the different experiments. When different amounts of the

same material were used in duplicate determinations the smaller quantity

invariably showed greater relative activity than the larger quantity.

On account of the lack of proportionality between the amount of seed

material used and intensity of oxidase activity indicated, the latter

is reported in the following paragraphs in terms of reduction of pressure

in a given time, with a given amount of seed material.

OXIDASE ACTIVITY IN EMBRYO AND ENDOSPERM

The material used was Stoner wheat, harvested in July, 1917, and
well-matured Sudan grass seed about 6 years old, the entire caryopses

ground whole and the endosperm and embryo ends ground separately

being used. For this purpose the Sudan grass caryopses were simply

cut in two just distal to the embryos. The wheat kernels were cut

diagonally so as to include only a small amount of endosperm with the

embryo. The embryo ends thus cut off constituted 11.3 per cent of the

entire caryopses. The embryo ends were ground until 8.7 per cent by
weight of the entire caryopses passed through the bolting cloth, the

residue of endosperm and bran being discarded. The remaining 88.7

per cent of the caryopses was ground until 34.7 per cent of the entire

caryopses, consisting of the inner portion of the endosperm, passed

through the bolting cloth; the remainder was discarded.

Table XXVI shows the oxidase activity of endosperm and embryo
ends compared with that of the entire caryopses. The embryo ends

showed very much greater activity than the endosperm ends, while the

activity of the whole caryopses was intermediate.

Table XXVI.

—

Oxidase activity of embryo and endosperm ends of caryopses compared
Tiith that of the entire caryopses

Material.
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large, heavy, thoroughly mature seeds from the lighter, more poorly

matured seeds was made by means of vertical air-blast seed separator.

The results of the experiment are given in Table XXVII.

Table XXVII.

—

Oxidase activity of mature and immature seeds

Material and condition.
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as fresh seed; two-year-old amaranthus seed was about one-half as

active as fresh seed; and three-year-old Johnson grass seed was only

about one-third as active as one-year-old seed.

OXIDASE ACTIVITY AS REI<ATED TO AFTBR-RIPENING AND CONDITION OP STORAGE OP
SEED

The oxidase activity of samples of Johnson grass seed a little over a
year old, which had been stored dry in cloth sacks at room temperature,

was compared with that of portions of the same original samples which
had been stored for a year between moist blotting papers at 20° C*
Comparative tests were made also with peach embryos which had been
stored for i month air-dry at room temperature and in moist blotting

paper at 7° C.;" and similarly at 25°. The peach seeds were taken from
the stony carpels before the period of storage, and the coats were removed
from the embryos just before grinding the latter for oxidase determi-

nations.

Table XXIX gives the results of the experiments. One-year-old

Johnson grass seed which had been kept at a temperature slightly below
the minimum for germination, though otherwise under germination con-

ditions, showed considerably less oxidase activity than seeds from the

same original lot which had been stored dry. After grinding both lots

were dried in a desiccator before weighing. Peach embryos showed very

little oxidase activity under any conditions, and this activity did not

change significantly during incubation even at the after-ripening tempera-

ture, 7° C.

TabIvE XXIX.

—

Oxidase activity as related to after-ripening and condition of storage of
seed

Material and condition.
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Supplementary experiments with peach embryos, with pyrocatechol

and para-cresol as oxidase reagents, showed practically no oxidase activ-

ity either with dry-stored embryos or with after-ripened embryos. In

this connection the color reaction in the oxidase reagents is of interest.

The pyrocatechol and pyrogallol solutions became very slightly colored

during the experiments. This coloring was barely perceptible with the

material which had not after-ripened and sHghtly more intense with

after-ripened material. With para-cresol as the reagent and in control

lots with no reagent there was no change in color.

OXIDASE ACTIVITY AS RELATED TO GERMINATION

Johnson grass seeds collected on September 9, 191 6, were incubated

at 20° C. for several days late in November, 191 7, and then with the

temperature alternation 25° to 40° until nearly all had germinated.

Seeds which showed no sign of germination were then picked out,

ground, and tested for oxidase activity in comparison with dry seeds

and with seeds which had germinated, and in comparison also with the

sprouts produced by another sample of the same original lot which had

been germinated at 20° after first heating for i hour at 81° and steriUzing

with 5 per cent silver nitrate.^

Many of the seeds in the last-mentioned sample had reached an ad-

vanced stage in germination, some coleoptiles being over 10 cm. long.

The elongated coleoptiles and a few of the roots were broken off, crushed,

dried before a fan, and ground for oxidase determinations.

The germinated seeds which had been ground entire were in various

stages of growth. The longest coleoptile was 8 cm. long and the longest

root 4 cm., but a large majority were less than one-half as long as these.

Before being ground these germinated seeds had been crushed and dried

before a fan. Table XXX gives the results of these experiments.

Table XXX.

—

Relation of oxidase activity to germination

Material and condition.

Johnson grass 8604 (collected on Sept. 9

1916):
Ground dry
Incubated several days at 20° C.

then at 25° to 40° C.

—

Not germinated
Germinated

Sprouts . . .
.*.

Reduction of pressure.

20.5 mm. in 7^^ hours.

16.5 mm. in 7^ hoius.

16.0 mm. in 7>^ hours.

14.0 mm. in 7>^ hours.

1 Although the sterilized seeds were very thoroughly washed, first with distilled water, then with sodium

chlorid solution, and finally with distilled water, oxidase activity in the ground seeds was almost com-

pletely inhibited, probably by adsorbed silver. Of course the sprouts werefree from this inhibiting agent.
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The dry seeds apparently showed somewhat greater oxidase activity

than the imbibed seeds, either germinated or not germinated. The
differences, however, are probably only apparent, as the ground imbibed

seeds at the time of weighing contained a higher percentage of moisture

than the ground dry seeds. If one assumed a moisture content of 8 per

cent for the powder from the dry seeds and a moisture content of 26 per

cent for the powder from the imbibed seeds, the intensity of activity

would be identical when calculated to a dry-weight basis.

The ground sprouts were considerably more active than the whole

seeds, but the ratio is no greater than would be expected from the com-

parison of embryo ends with caryopses (see Table XXVI) ; therefore no

increase in activity upon germination is indicated.

OXIDASE ACTIVITY OP NONLIVING STRUCTURES

A very interesting fact is the relatively high oxidase activity of non-

living structures in which catalase activity is very slight and respiration

presumably absent—viz, the bracts or scales which inclose the mature

caryopse^ of Sudan grass and Johnson grass and the dry abortive or

sterile florets of Johnson grass.^ Johnson grass and amaranthus seeds

showed greater activity than the other kinds of seeds. It was at first

thought that this fact might be related to the intense pigmentation of

the scales in one case and of the pericarps in the other. As Table XXXI
shows, comparative experiments with scales and caryopses proved the

contrary.

Table XXXI.

—

Oxidase activity of nonliving structures

Material and condition.
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The scales of only moderately well matured Johnson grass seed showed

a somewhat greater oxidase activity than the caryopses, but with unu-

sually well matured i -year-old seed having intensely pigmented scales

the activity of the scales was exactly the same as that of the caryopses.

At the same time the sterile florets, though functionless structures

scarcely pigmented at all, in which all vital activities must have ceased

at a time corresponding to an early stage in the development of the

caryopses in the accompanying fertile florets, were about four times as

active as either scales or caryopses. In fact, these sterile florets showed

greater oxidase activity in limited time (5 hours) than any other material

studied in the investigation.

The light, straw-colored scales of Sudan grass showed 50 per cent

greater total oxidase activity in 6 hours than the embryo ends of the

caryopses, and about 8 times as great as the endosperm ends.

A very noticeable feature of the high oxidase activity of Sudan grass

scales and sterile florets of Johnson grass is the high initial rate of activity

followed by a rather rapid and progressive decline in rate, though activity

had not ceased when the experiments were concluded. As shown in

Table XXXI, the decrease in pressure with this material was nearly half

as great at the end of i hour as at the end of 5 or 6 hours. This is in

marked contrast to the progress of the reaction with the other kinds of

material used in the investigation, and suggests rather the type of reac-

tion reported by Bunzell. By the end of the second hour the initially

high rate of activity of Sudan grass scales fell below the constant rate

maintained by the embryo ends of the caryopses.

It is interesting to notice that there was a similar reaction with decrease

in rate after the second hour in a control with ground scales and no reagent.

In this control tube the reduction of pressure was 6 mm. in 2^ hours, and

10 mm. in 6 hours. With most of the other kinds of material used, the

controls showed little or no change in pressure until fermentation began,

after which the reduction in pressure was frequently rapid. No control

was run with the sterile florets.

One might perhaps see a correlation between the high oxidase activity

of these structures (scales and sterile florets) and the high oxidase activi-

ties caused by agencies which retard normal growth, as reported by

Bunzell (9). He suggests a general 1elation between retardation of

growth, from any cause whatever, and rise in oxidase activity. In the

case of the sterile florets retardation or suspension of function has pro-

ceeded so far as entirely to prevent the formation of seeds and to with-

draw all vitality from the florets.

EFFECT OK MERCURIC CHLORID UPON OXIDASE ACTIVITY

Previous work has shown that mercuric chlorid (HgClj) has a strong

forcing action upon the caryopses of Johnson grass, the maximum effect

being obtained with a Mj2,000 solution. Table XXXII shows the
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oxidase activity of 250-mgni. samples of fresh seed of Tunis grass-

sorghuni hybrid and of Johnson grass seed in secondary dormancy with

Ml2,000 mercuric chlorid replacing distilled water in the oxidase baskets.

The results with distilled water are also given.

The mercuric-chlorid solution had only a slight depressing effect upon
oxidase activity. Either this oxidase is very much more resistant to

mercury poisoning than some other enzyms or else the concentration of

the solution was very greatly reduced by adsorption to the large amount
of powder used, McGuigan (jz) found the activity of diastase com-
pletely inhibited by M130,000 mercuric chlorid. Caldwell {14) showed
that the activity of bromelin was completely inhibited by M/4^,000 to

Ml75,000 mercurous nitrate (HgNOg) and mercuric nitrate Hg(N03)2.

Table XXXII.

—

Effect of MjSyOoo mercuric chlorid upon oxidase activity

Material. Reagent. Reduction of pressure.

Tunis grass-sorghum hybrid
(collected on Sept. 14,

1917.)
Do

Johnson grass 8599 (col-

lected on Sept. 23, 1916),
incubated at 20° C.

Do

Pyrogallol + MJ2,ooo mer-
curic chlorid.

Pyrogallol in distilled

water.
Pyrogallol -1- Ml2,ooo mer-

ciuric chlorid.

Pyrogallol in distilled

water.

16 mm. in 6 hours.

20 mm. in 6 hours.

12.5 ram. in 6hotirs.

14 mm. in 6 hovu-s.

SUMMARY

(i) Measurement of the oxygen liberated from hydrogen peroxid by
the addition of an excess of powdered seeds (plant catalase) provides a

convenient method of determining the concentration of the hydrogen

peroxid used.

(2) In the determination of the catalase of seeds it is necessary to

neutralize the hydrogen peroxids used, for the acidity in all commercial

hydrogen peroxids tried was sufficient to reduce greatly the catalase

activity. The seeds studied bear no inhibiting acids, but show buffer

action against the acids of the hydrogen peroxids.

(3) Excessive pulverization of seeds reduces their catalase activity.

Powder of Johnson grass gave maximum activity when passed through a

7o-to-8o-mesh bolting cloth, and crimson clover when passed through a

1 00-mesh.

(4) In powdered seed material (Johnson grass) stored in a desiccator

at room temperature the catalase degenerates rather rapidly, losing

70 per cent of its activity in 54 days. Morphological integrity insures

much slower degeneration.

(5) In the embryo of wheat the catalase activity is 28 to 29 times that

of the endosperm. Burlakow (4) found the respiratory activity of the
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embryo 20 times that of the endosperm. In other grasses studied the

catalase activity of the embryo was many times that of the endosperm.

The oxidase activity is likewise much higher in the embryo than in the

endosperm.

(6) The physiologically inactive organs (sterile florets atid caryopsis

scales) of grass seeds show only a small fraction of the catalase activity

shown by the caryopses. This likely agrees with the respiratory inten-

sity. The oxidase is as active, or in. some cases several times as active,

in the nonliving as in the living organs.

(7) Equal weights of immature caryopses of Johnson grass or Sudan

grass and of seeds of Amaranthus retroflexus give much greater catalase

activity than mature ones. The activity of an equal number of the

caryopses, mature and immature, of the two grasses is about equal.

The oxidase activityX)n weight basis in Sudan grass is slightly highei in

mature seeds than in immature, and the reverse holds for Johnson grass.

(8) Drying the seeds that have been in a germinator reduces enor-

mously the catalase activity in the peach, noticeably reduces it in Johnson

grass, but not at all in basswood.

(9) The catalase in air-dry Johnson grass seeds is comparatively time-

and heat-labile, while that in air-dry amaranthus seeds is relatively time-

and heat- stable. The i^espiratory intensity (measured after the seeds

are imbibed) parallels the catalase activity in the first species. There

is nothing to indicate such a relation in the latter. The difference in

time and heat stability is not determined by the relative proportions

of soluble and insoluble catalases in the two seeds. The nonliving organs

of Johnson grass (sterile florets and caryopses scales) show much faster

time degeneration of their catalase than the living embryo.

(10) Retention in a germinator, not furnishing conditions for germi-

nation, greatly reduces the catalase activity of Johnson grass seeds.

One year at 20° C. reduces it more than 66 per cent, and i month more

than 50 per cent below that of the same crop dry stored. The rate of

fall in the catalase activity is decreased by lowering the temperature of

the bath. Retention in a germinator affected the oxidase activity in

the same direction but to a much less degree.

(11) The fall in catalase activity mentioned in the preceding para-

graph is accompanied by a commensurate fall in respiratory intensity.

A similar response seems to occur in Avena. fatua, and probably occurs in

many other seeds. This reduction in respiratory intensity is of great

significance in conserving stored foods in seeds lying in the ground, dor-

mant and imbibed, for many years.

(12) The catalase activity in dry peach seeds is very low, but rises as

the seeds He in the germinator imbibed. The rise continues for weeks

and is much more rapid at 7° C. than at 20° or 25°. The optimum tem-

perature for after-ripening seems to be optimum for catalase increase. In

other seeds having dormant embryos, so far as studied by other investi-
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gators, the same relation holds. In the peach the oxidase activity

(Bunzell method) decreases with after-ripening but autocoloration of the

ground seed mass exposed to the air increases.

(13) In amount of catalase and in the general behavior of their cata-

lases Johnson grass and Sudan grass seeds are very similar and one finds

here no explanation for their marked difference in dormancy and require-

ment of alternate temperatures for germination. The same is true of

the oxidases of the two seeds, so far as our studies have gone.

(14) The catalase activity of grass seeds rises rapidly as their germi-

nation progresses. This parallels the rise in respiratory intensity.

There is no rise in oxidase activity with germination.

(15) In Johnson grass seeds there seems to be a close correlation

between catalase activity and respiratory intensity (factors that modify
one modify the other similarly), but there is not a very close correlation

between either of them and the vitality of the seeds or vigor of the

resulting seedling. In these seeds catalase determination proved an
excellent quick method of estimating respiratory intensity and led to the

discovery of several interesting features in their respiration. Jn these

seeds the catalase also decreases with age and it is a fair measure of age

in continuously dry-stored seeds.

(16) In amaranthus seeds there is no evidence of a correlation between
catalase activity on one hand and respiratory intensity, vitality, or age

on the other. This lack of correlation may be connected with the greater

time and heat stability of the catalase of ajnaranthus^

(17) So far as studied to date, seeds that after-ripen with dry storage

but which do not have embryos with dormancy self-imposed at any time

either show no change in the catalase activity (amaranthus) or a decrease

in it (Johnson grass) with after-ripening.

(18) Seeds that after-ripen in a germinator at low temperature (com-
mercial layering) and in which the dormancy of the embryo is self-im-

posed and the embryo experiences fundamental time-requiring changes
for after-ripening, show a great increase in catalase activity with after-

ripening (hawthorns, basswood, peach).

(19) It has been suggested that the gradual loss of vitality in dry-

stored seeds with age is due to the time denaturing or time coagulation

of embryo proteins. If this be true, it is evident that the time denaturing

of the embryo proteins essential to vitality and the time denaturing of

catalase are quite distinct, for in no old seeds studied is there a close

parallel between catalase activity and vitality.

(20) It is evident from the great variations in catalase behavior in the

several seeds studied that one can not draw general conclusions for the

catalase behavior in all seeds, but it seems evident from the data in this

paper that seeds will fall into several physiological types for each of

which more or less general conclusions can be drawn.

(21) Catalase activity of seeds seems to parallel physiological be-

havior much more generally than does oxidase activity.
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THE MEADOW PLANT BUG, MIRIS DOLABRATUS^
By Herbert Osborn ^

Professor of Zoology and Entomology, Ohio State University, and Consulting En-
tomologist, Maine Agricultural Experiment Station

INTRODUCTION

The meadow plant bug, Miris dolahratus L. ,
presents a number of inter-

esting problems, biologic as well as economic, and, considering its great

abundance over a large area of the eastern United States and Canada
during the past 40 years, it seems strange that it has not received more
careful investigation.

My own attention was attracted by its appearance in immense num-
bers in northern Ohio at about the time of my removal to that State in

1898. It was entirely unknown to me from previous field collecting, and
specimens I had seen had been collected in western New York by Mr,

E. P. Van Duzee about the year 1888.

My attention was again forcibly attracted to the species by its great

abundance in Maine in 1914, when I encountered it while studying

the meadow leafhoppers. Reference to the hterature indicated the

almost total neglect of the species in this country, and almost nothing

_
concerning its economic importance was found. It seemed, therefore,

well worth a special study, and I was gratified to be able to arrange with

the Maine Agricultural Experiment Station to undertake a summer's
study of the species at Orono.

As an Old World species the insect has evidently been famiUar since it

was described by Linnaeus {1758, p. 449),^ and has had frequent mention
by later writers, who have treated it simply from the systematic stand-

point. Wolff {1802, p. 115-116, fig. log-iio) indeed gives a recognizable

figure of the nymph in one of the later instars, also a rough sketch of the

egg; but, so far as noted, no detailed study of the life history, habits, or

economic status has been made, even in the regions where it has been
longest known.

DISTRIBUTION OF THE SPECIES

The range of the species is evidently throughout the Palearctic region,

as the European records cover the territory to the Mediterranean, and
the Asiatic seem to include all north of the Himalaya Mountains at least.

1 Papers from the Maine Agricultural Experiment Station: Entomology 99. Contribution from the
Department of Zoology and Entomology, Ohio State University, No. 53.

2 1 am indebted to a number of persons for assistance in the preparation of this report, especially to Dr.
Edith M. Patch, of the Maine Experiment Station, for facilities to carry forward the study and to Mr. R. K.
Fletcher for careful attention to field observations and to the entomologists ot various States who have
kindly taken the trouble to send records for their territory.

' Bibliographic citations in parentheses refer to " Literature cited," p. 199-200.
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Oshanin (1909, p. 779) lists the distribution as

—

Scandinavia, Batavia, Britannia, Belgica, Germania, Helvetia, Gallia, Lusitania,

Hispania, Moldavia, Serbia, Romania, Hungaria, Rossia fere tota, Caucasus, Sibiria.

Regie nearctica (Canada, eastern United States).

PUBUSHED RECORDS OF OCCURRENCE IN AMERICA

The first record of the species in America that I can identify as refer-

ring to its occurrence in America is the one by Uhler (1S78, p. 397).

Provancher {1872, p. 78) recorded it for the vicinity of Quebec when he

listed it as a new species under the name " Miris helangeri" in 1872 and

later {1886, p. 104) referring it to the European species under the name

"Leptoterna dolabrata L." In Uhler's Check List of Hemiptera Heterop-

tera {1886, p. 17) it appears under the name ''Leptoterna dolobrata"

with locahty as "E. St." Van Duzee (1887, p. 70) says:

May to August. In dry fields. Probably our most abundant Hemipter. It

attains full development about June i, and frequently appears in immense swarms in

favorable localities.

Later {1894, p. 176) he says:

Often appears in immense swarms toward the last of June on grass in hayfields

and pastiures.

Van Duzee {1905, p. 550) also records the species for the Adirondack

Mountains and {1908, p. iii) for Quinze Lake, Province of Quebec,

Canada, in 1907. Slosson {1894, p. 5) records the species for Mount

Washington, New Hampshire, above the 5,500-foot altitude.

Webster and Mally {1897, p. 41) barely mention the species as abun-

dant on the heads of timothy in 1896, which is the first published record

for Ohio, though Mr. Hart says a specimen is in the Illinois collection

sent from Columbus by Prof. C. M. Weed, presumably about 1888 or

1890.

The species is recorded for New Jersey for a number of localities by

Smith {1900, p. 128; 1910), but with no definite dates. It is also listed

by me {1900, p. 76) in the Ohio list, and its abundance in Maine is

referred to by Patch {1908, (p. 363) and by me {1916, p. 56).

Finally a record of the rearing of a parasite, Phorantha occidentis, by

Leonard {1916) indicates its occurrence in 191 5 in New York.

None of these records, except Uhler's, raises the question of the deriva-

tion ot the species, but from the facts that there were no early records of

damage in this country and that there seemed to be a distinctly westward

dispersal the possibility of its being an introduced species associated

with timothy {Phleum pratense) as its principal food plant seemed to

warrant an effort to determine this point.

The following letter with note concerning the species was sent to a

number of entomologists in the various States and to Dr. C. Gordon

Hewitt, Dominion Entomologist, of Canada.
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Orono, Maine, July 5, igi6.

Dear Sir: The writer is engaged upon a study of a meadow Capsid {Miris dolabratus)

for the Maine Agricultural Experiment Station, and since the species is abundant
over a considerable area of the northeastern United States it is desirable to secure
data from as large an area as possible. Witli the cordial approval of the Station au-
thorities and in the hope that the results may have more than local value I am asking
assistance in seciuing such data from the entomologists in a number of adjacent states.

The data desired covers such items as occurrence, abundance, recognized injury,

grasses affected and any matter beai'ing on the life history and habits in the localities

reported. Any such information will be welcomed and duly credited.

The species is one of the larger Capsids, elongate in form, yellow or sometimes red-

dish with dark markings and is found usually in great numbers on heads of timothy
or other meadow grasses in midsummer. It Is a common species in the Palearctic

region and has been known in America for about forty years, the first record apparently

being by Provancher for the vicinity of Quebec. There are several facts which point

to the possibility that it may have been introduced from Europe somewhat recently

and any data as to time of first appearance in any locality will be especially helpful

in determining rate of dispersal. If the species is not positively known I will be glad

to receive and identify specimens that may be suspected.

With sincere thanks for any information either as to presence or absence in your
locality.

Very truly yours,

Herbert Osborn,
Experiment Station, Orono, Maine.

Prof. H. T. Femald, of the Massachusetts Experiment Station, repHed

as follows

:

My first note on this insect shows that I took it June 23, 1882, at Orono. I may have
taken it before this, but have no note on it. I have also a note that larvae of it were
very abundant June 15th, 1883, at Orono. My remembrance of it is that it was always

very abundant as far back as 1880 at least, when my observations began.

Here at Amherst it has been abundant ever since our collections were made, so far

as I can learn. We get it sweeping over our grass fields, but as these fields are nearly

always more or less mixed grasses, I have not been able to determine exactly which
kind of grass it attacks, and in fact I have not given much attention to this insect.

Here we get the larvae in abundance about the first of May, varying with the season.

Adults begin to appear early in June. I regret to say that I have no further data

on this subject, but am confident that a careful examination would show a second

generation here the same season at least. Whether there is a third, I do not know.

Prof. W. E. Britton, of Connecticut, wrote

:

I have your letter of July 5th and wish to inform you that Miris dolabratus Linn, is

very common in Connecticut, in fact, so common that in sweeping we do not save

the specimens. I have never made a study of this species and can not tell you offhand

just what species of grass it attacks.

The following records are given for Connecticut localities

:

New Haven, June 16, 24, 1902 (E. J. S. Moore), June 8, 1904 (W. E.

Britton); Brooksvale, Sheshire, July 30, 1902 (W, E. Britton); Bran-

ford, June 27, 1904 (H. L. Vierick); Mount Carmel (Hamden), June 10,

1908 (W. E. Britton); Stratford, June 29, 1908 (W. E. Britton); Ston-

ington, June 14, 1906 (W. E. Britton); Wallingford, June 15, 29, 1912

(D. J. Cafifery); Wetherfield, June 24, 1913 (L. B. Ripley).
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Dr. E. P. Felt, State entomologist of New York, wrote as follows:

Replying to yours of the 5th instant would state that Miris dolabraius is a rather

common and widely distributed insect in this State, attaining matiu-ity about the

middle of June. Occasionally it is exceedingly abundant, as was the case June 14,

1898, at Trenton Falls, where it literally swarmed in a field of timothy. You
doubtless appreciate that unless such insects are extremely numerous and kill or

nearly destroy the grass comparatively little attention is paid to them.

The following records, supplied by Dr. Felt, are from the State Museum
of New York

:

Albany, June 19, 1900, June 13, 1903, June 25, 1901, June 17, 19,

1899; Chazy Lake, June 28, 1913; Crane Pond, July 2, 1897; Frenchs

Mill, June 14, 1902; Ithaca, June 28, 1892; Karner, June 27, 1903;

Keene Valley, July 16, i894;MountMarcy, July 31, 1913; North Chatham,

June 6, 1902; Ogdensburg, July 10, 1903; Poughkeepsie, June 2, 1903;

Saranac Inn, June 27, 1913; Schodack, June 22, 1902; Trenton Falls,

June 18, 1898, very abundant; Wells, July 19, 191 3; Westfield, June

24, 1904.

Prof. H. A. Gossard, writing from Wooster, Ohio, sent the following

data:

Replying to your inquiry regarding Miris dolabratus will say that it has been noted

as an extremely abundant and injurious insect in Ohio meadows during several dif-

ferent seasons. In the latter part of Jime, 1907, Mr. Whitmarsh took a great many
specimens which are in our collection, and it must have been rather numerous. In

1912 I noticed it in such great abundance in a mixed meadow of blue grass, redtop,

and timothy on the station farm that I noted it as a species worthy of special investi-

gation, and I am glad you are undertaking the study. I noted both larvae and adults

May II, 1912, and there are numerous specimens in oiu" collection taken on that

date. There were also numerous specimens taken June 6, 1912. I recall noting

that the punctures of the insects on the grass stems were abundant but the injury

to the grass was rather indeterminable. So long as rainfall is plentiful, I would not

anticipate conspicuous damage from the species, but during a dry period I appre-

hend that it could do as much or more damage than I have yet seen the tarnished

plant bug do. I certainly have never seen tlie tarnished plant bug in such numbers

as Aliris dolabraius during May and Jtuie, 1912. I recall that nymphs of the species

were abundant and approximately mature when the earliest grasshopper nymphs

were appearing in the pasture. I have not noted the species in such numbers since

1912, but possibly I have not been collecting in places that would discover it.

Prof. H. Garman, of the Kentucky Experiment Station, wrote:

Replying to your note of July 5th I have to say that my first record of the occurrence

of Miris dolabratus in Kentucky is May 23, 1908, when it was swept from grasses in a

pastiu-e at Lexington. I have other specimens taken at Lexington, May 10, 1913.

I think if the species had been common previous to the earliest date given, I should

have observed it. Oncognathus binotatus has been common here on timothy ever

since I came to Lexington. My first records of its occurrence are in 1891, about the

time it was observed by Doctor Howard.

Mr. C. A. Hart, of Urbana, 111., replied:

Our first named specimens of Miris dolabratus were sent us by Dr. C. M. Weed from

Columbus, Ohio; I do not knov the date. Our earliest specimen, the date of which
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surprises me somewhat, is a well-marked female bearing the label "Hart Coll'n" and
my accession #17 in my own writing. My record shows that fti? was taken at Normal,

Illinois, March 18, 1883. In 1906 a specimen was taken near Urbana. We have one
from Ithaca, N. Y., in 1907, July 15, and from Doctor Nason three specimens at Algon-

quin, near Chicago, July 9. In 1910 Davis fotmd it at Aiu-ora, 111., June 15. My first

real acquaintance with the species was in 19 12 when I found it about ten miles east

of Urbana. The next year, 1913, it was taken near Urbana May 28 and at Mahomet,

111., west of Urbana, May 18. Another specimen is labeled May 22 from White Heath,

west of Urbana. This spring I have noticed a number of specimens in grass near

the University. The almost entire absence of the species from the abimdant collec-

tions of the office previous to 1906 is very good proof that it was absent or very rare

previous to that year. With us the female is invariably brachypterous and the male is

macropterous. I have no notes at all concerning its food plants or other habits. We
have two nymphs, both taken near here, one May 18 and the other May 28.

Both the locality and the normal date of this record are puzzling, but

Mr. Hart very kindly sent the specimen to me for examination, and his

well-known accuracy scarcely admits any question as to the record, though

it seems impossible that a female should have been taken alive in March.

Information from New Jersey was to the effect that no records addi-

tional to those published in the Smith list of insects of New Jersey were

available. Reports from other States were mainly negative.

Prof. F. L. Washburn, of Minnesota, reported specimens from Wis-

consin and Minnesota, but without definite localities or dates.

Prof. C. P. Gillette, of Colorado, states that none have been obtained

in their collections in that State.

Records for the Dominion of Canada, kindly furnished from the

Entomological Branch of the Department of Agriculture and transmitted

by Mr. Arthur Gibson, are as follows

:

Ottawa, Ontario, June 25, 1908 (Gibson), June 22, 1912 (Beaulne),

August 18, 1914 (Beaulieu), September 20, 1915 (Hewitt), July 14, 1907

(Gibson); Aylmer, Quebec, June 24, 1912 (Beaulieu); Chelsea, Quebec,

July 3, 1909 (Groh), July 2, 191 2 (Gibson), June 21, 191 6 (Gibson); Mon-

treal, Quebec, July 7, 1906 (Beaulieu); Chicoutimi, Quebec, July 24, 191

5

(Beaulieu); Youghall, New Brunswick, July 5, 1905 (Gibson); Halifax,

Nova Scotia, July 1 1-22, 191 5 (Perrin). The insect is very abundant in

the Ottawa district. On June 21, 191 6, many were beaten from timothy

(Gibson).

PROBABLY AN INTRODUCED SPECIES

With the evidence available there seems to be good reason to believe

that the species was introduced from Europe at some time during the

early part of the last century, probably not earlier at best than about

1800. If we may give weight to the first records by Uhler and Provan-

cher, it is probable that the insect was introduced in New England or

Quebec or some of the other maritime provinces of Canada, perhaps

equally probable for Nova Scotia, New Brunswick, or Quebec. From
any of these localities the dispersal might easily have reached the other
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regions concerned in the course of a few decades, although without

artificial assistance its progress must have been slow.

In the Harris collection, now in the Museum of the Boston Society of

Natural History, I have seen specimens which had been collected in the

vicinity of Boston bearing dates of 1832, 1833, 1834, 1835. In regard

to these, Uhler (i8y8, p. jgy) stated that

—

This species, evidently introduced from Europe, has recently become fully estab-

lished in localities where it did not exist a few years ago. In Maryland, on the edges

of wheat fields, and in eastern Massachusetts on grassy low grounds, it appears in

swarms. About ten years ago I first met with a few individuals near Baltimore, by

sweeping the grass, etc., about the edge of a wheat field; since then they have greatly

multiplied, and large numbers may now be obtained there and in similar localities

elsewhere. In Cambridge, Mass., the grass is sometimes crowded with them. Speci-

mens from Connecticut, kindly obtained for me by Mr. Edward Norton, have the

antennae yellow, and are a little more slender than usual. Both the short-winged

and the fully-winged varieties occur in all the localities known to me.

Evidence in favor of the species being an introduced one may be

summed up briefly as follows

:

(i) Miris dolabratus has been a common insect in Europe for an in-

definite period, covering a large area and doubtless associated with the

cultivated grasses to which it seems so closely restricted here.

(2) The species was not known in America until about 1830, when it

was collected by Harris, as noted by Uhler (1878, p. J97) and also

recorded by Provancher (1886, p. 104), although a number of careful

students such as Say, Uhler, and Walsh had given no little attention

to the insects of the group to which it belongs and would almost cer-

tainly have encountered it in their work in different parts of the country

where it now occurs if it had been present in any abundance.

(3) It has shown a gradual westward and southward dispersal indi-

cated by the available records, which show that it occurred in New
England in 1832, Maryland in 1868, Quebec in 1872, New York in 1887,

Ohio in 1888 (?), Illinois in 1906, and Kentucky in 1908.

(4) It is adapted to certain cultivated grasses which were introduced

from Europe, and its close restriction to these and apparent inability

to adapt itself to native grasses even of as large forms as the cultivated

ones is very significant.

(5) In the plan of hibernation of eggs in stems there is evidently fur-

nished abundant opportunity for the transportation of eggs to distant

points in hay shipped for forage or packing.

DISTRIBUTION IN MAINR

The meadow plant bug has certainly been present and abundant in

Maine for many years, but except for the notes by Prof. H. T. Fernald

there does not appear to have been any record that assists in deter-

mining the time of its appearance or the extent of distribution. The
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Experiment Station collection contains several specimens of the adult

insect, the dates recorded for Orono being July 14 and 18, 1905, and July

II, 1907. Dr. Patch published a record of its abundance in 1908 and as

mentioned elsewhere, I have noted it as being abundant in 1914 at

Orono. Prof. C. L. Metcalf said that the species was abundant during

the summer of 1916 in late instars and adult males at Fort Kent on July

5 and 6; at Presque Isle, mostly adults, on July 8; and at Houlton as

adults with few nymphs of late instars on July 9. I found them abundant

at Phillips and other points between Farmington and Dallas, where

timothy meadows were examined, on July 18, 1916, and also very plen-

tiful in some old meadowland in the vicinity of Saddleback Lake on July

19 and 20. None occurred on Saddleback Mountain at any point above

the level of the meadowland or the growth of the timothy and other

grasses commonly occupied by the species.

It is evidently safe to assign its distribution in Maine to all parts where

suitable grasses occur, and it may confidently be expected to occur

during the months of June, July, and August in all old meadowland

where timothy forms a part of the combination, and a search in the stems

will be pretty sure to disclose the eggs of the insect during other months

of the 3^ear.

ECONOMIC IMPORTANCE

While, to judge from the occurrence of great numbers of Miris dolabratus

in meadows and the evident attack on the plants, it must be inferred that

the insect causes serious injury to the crops, there appears to be little to

establish the amount of loss or to separate it from that due to other

species. In fact, but few of the Capsidae have been given much attention

from the economic standpoint. The familiar and cosmopolitan tarnished

plant bug, Lygus pratensis, has been knovm for years as a pest to many
plants. In 1892 Howard (1892) called attention to Oficogtmthtis bino-

tatus as "a new enemy to timothy grass." Dr. M. V. Slingerland, of

Cornell University, has treated the common 4-lined plant bug {Poecilo-

capsus lineatus) as a pest of currants; Prof. E. A. Popenoe, Kansas

Agricultural College, has called the little Halticus citri (Ashm.), a garden

pest of beans; and the common Adelphocoris rapidus has been known for

many years to affect the clover crop.

Some idea of the effects produced by the meadow plant bug may be

obtained by noting the enormous numbers to be found hanging to the

plants and especially to the heads during the time the timothy is in

bloom. Often a number cling to a single head, from three to five being

not unusual. The fact that they suck the bloom doubtless means a heavy

loss in seed or in weight and nutritive value of hay, although there is

little external evidence of injury.

Evidence of injury based on the amount of hay per acre where the

meadow plant bug is plentiful as compared with fields where it is absent,

78775°—18 4
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suffers from the fact that so many different insects are present and it is

almost impossible to determine the proportion of damage to be charged

to each. To judge merely by the numbers present and also by the size

and feeding capacity of Miris dolabratus, it may easily be counted among

the most destructive to the crop, though it does not kill the plant by

attacks at or near the root.

FOOD PLANTS

Timothy has been most commonly mentioned as the food plant of

Miris dolabratus, and this is quite evidently the grass with which it is most

commonly associated, as even where it may be found on other grasses it

is usually where timothy forms a large part of the combination of species

growing together.

ViG.i.—MirJs dolabratus: A, adult on timothy head in resting or feeding position; B, female ovipositing;

C, eggs from oviduct, nearly or quite mature; D, mature egg ready for deposition; E, mature egg

greatly enlarged showing membranous operculum.

I have found it commonly on timothy heads, veiy evidently feeding,

and individuals have been carried along for several instars with no other

food; hence, it is clearly a normal food supply (fig. i). I have also found

it commonly on orchard grass {Dactylis glomerata), meadow fescue

{Fesiuca elatior), and witch grass (Panicum capitlare) and the nymphs

seem to thrive on these plants about as well as on the timothy. The

meadow plant bug has not been observed commonly on bluegrass {Poa

pratensis) or other small grasses or grasses with small seed heads, except

as these are mixed with the coarser forms. While it occurs where clover

is mixed with timothy and lays eggs in clover stems, it has not been

observed ever to feed on stems, leaves, or heads of clover. I believe

it is quite strictly a grass-feeding species, primarily adpated to timothy.

Before the grasses head out, Miris dolaratus is found on the stems and

leaves, but the larger part of the growth of the insect occurs after timothy

begins to head. The heads seem to be the favorite point of attack.

The insects cluster on the heads sometimes in numbers to a single head

and thrust their beaks down into the flowerets, evidently drawing their
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food from the tender parts of the blossom or from the forming seed. I

have seen a female thrust her beak down in the flower of witch grass,

piercing the glumes, or insert her beak between and down into the an-

thers, penetrating them and causing them to burst, and probably suck-

ing juices from the ovules.

Slosson's {1894) record for Mount Washington above 5,500 feet is

for adults, and Mr. C. W. Johnson informed me that many insects capable

of flight are carried up by air currents and found at altitudes much above

that of their food plants.
SYNONYMY

The abundance, wide distribution, and variability of the meadow
plant bug may be inferred from the many names which have been

applied to it by different writers. No less than 13 specific names have

been given to it, and with the various generic combinations used this

number is still increased.

For the detailed statement of the synonymy I am indebted mainly to

the exhaustive catalogue of Oshanin {igog, p. 778), whose records are

almost exclusively European. A more complete bibhography is given

by Van Duzee {1917). Its synonymy according to Oshanin is as follows

:

MIRIS FAB. REUT.

Miris Fabr. S. R. p. 253 (prt.); Reut. Rev. Syn. p. 243; Hiieb. Syn. Blindw. i, p.

T,2, et 63; Leptopterna Fieb. Cr. Phyt. p. 302; Eur. Hem. p. 63 et 244; Reut. Gen.

Cim. p. 9; Rev. cr. Caps. 2, p. 13; Lopomorphus Dgl. Sc. B. H., p. 293. Lopus.

Herrick Schaeffer. Wanz. Ins. III., p. 35.

dolabratus Lin.

Cimex dolabratus L. Syst. Nat. ed. 10, p. 449 [1758]; ? Cimesfrumentaruis Poda Ins.

Mus. Graec, p. 60 [1761]; Cimex riparius Scop. Ent. cam., p. 135 [1763]; Citnex laevig-

atus Deg. Mem. 3, p. 292 [1773]; Cimex lateralis Fabr. Gen. Ins., p. 300 [1776]; ? Cimex

deses Miill. Zool. Dan., p. 108 [1776]; Cimex antenni-rectus Goeze Ent. Beitr. 2, p.

267 [1778]; Cimex V-flavum Goeze ibidem, p. 279 [1778]; Cimex porrectus Geoffr. in

Foiurcr. Ent. Par., p. 206 [1785]; Cimex recticornis Gmel. Syst. Nat. ed. 13, p. 2185

[1788]; Miris abbreviatus Wolff Wanz. f. no (9) [1802]; Miris lateralis Wolff Wanz.

f. 109 (c?) [1802]; ? Miris picticeps Ciul. Brit. Ent. 15, t. 701 [1838]; Miris dolabratus

Hhn- W. I. 2, p. 75. f. 160 [1834]; Flor. R. L. i, p. 437; Reut. Rev. syn. no. 209; Hiieb.

Syn. Blindw. i, p. 66; Atk. Cat., p. 34; Lopus id. H. S. W. I. 3, p. 45, f. 261 et 262

[1835]; Mey. Caps., p. 38; Shlb. Mon. Geoc. p. 88; Kbm. Caps., p. 196; Leptopterna id.

Fieb. Eur. Hem. p. 245 (prt.) [1861]; Reut. Rev. er. Caps. 2, p. 15; Saimd. Synops.

2, p. 262; Prov. Faun. Ent. Can. Hem., p. 104 [1886]; Saund. Hem. Het. Br., p. 227,

t. 20, f. 10; Lopomorphus id. Dgl. Sc. B. H., p. 297 [1865]; Uhler, Bost. Soc. N. H.

XIX, p. 397. 1878; Miris Belangeri Prov. Natur. Canad. 4, p. 78 [1872].

DIMORPHISM

The Species occurs in two distinct forms of females, a long-winged and

a short-winged form; but only one form of male, the long-winged, has

been observed. The short-winged form of female is by far the most

abundant; and as this form is entirely unable to fly, and therefore is very
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definitely restricted in its migration, it is of special interest to note that

it must be the form which produces pratically all of the eggs.

In the short-winged form the elytra reach only to the fifth abdominal

segment leaving a large part of the abdomen, especially when engorged

with eggs, conspicuously exposed. While there is some variation and

occasional intermediate forms, there is a great preponderance of indi-

viduals with elytra uniformly about 5 mm. long and with the wings still

shorter. None have been seen with the wings entirely aborted.

The relative proportion of eggs produced by the two forms will be dis-

cussed under the head of egg production, but it may be said here that

from collections made during the summer of 191 6 it appears that only

about 10 per cent of the females are long-winged and that these produce

a much smaller number of eggs each than the short-winged forms.

The biologic significance of the dimorphism can hardly be entered on

here. It is, however, distinctly similar to what occurs in many other

of the Hemiptera and doubtless depends on some fundamental factors

in food supply, seasoned migration, or other adaptation.

It offers many interesting biological problems for investigation and

naturally presents some most essential elements in the consideration of

general control.

LIFE HISTORY

The eggs hatch in May or early June, the time being determined in part

by latitude and season. The exact date of hatching at Orono was not

observed, as nymphs were already abundant at the time of my arrival on

June 12, and as the season of 1916 was exceptionally late, it is probable

that the average date of hatching would be the last week in May. Young

nymphs continued to appear until about June 25, but none hatched after

July I. The first adults appeared on June 16 and were abundant by

June 26.

Evidently the adults feed for some time before mating, as the first

matings observed were on July 8 and 10. The eggs, however, develop

rapidly when the insects reach the adult stage, since fully developed eggs

in large numbers, 50 to 60 to the individual, were dissected from the

females, the first one dissected, on June 30, containing 30 eggs fully

formed, as well as others in an immature state. Another, dissected on

July 8, contained 69 developed and a few immature eggs.

These dissected eggs were of special interest, as they might furnish the

clue to a later determination of place and method of oviposition, as the

peculiar strongly curved neck and large membranous expansion over the

head naturally suggested some rather unusual mode of placement.

The nymphs cling closely to the plants and while they pass readily up

and down the stems and doubtless shift from one plant to another there

is no extended migration, probably no movement providing for any

dispersal. When molting, they cling to the plant and, as with other
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insects generally, the skin splits along the middle line of the back and
the body and legs are gradually withdrawn and the increase in size and
resumption of color takes place in a short time.

Five distinct stages of the nymphs are recognized and this seems to

be the general rule for the Hemiptera, being the number noted in a large

number of the species which have been reared through the nymphal
stages. These will be described in detail in a later paragraph (fig. 2).

No single individual has been carried from the first instar through to

the adult stage, but numbers have been carried from two to four of the

instars in confinement and under observation so that it is possible to

give a connected series of stages from the smallest found to the adult

Fig. 2.

—

Miris dolabralus: Nymphs showing relative size of body and development of wing ijads. A, First

instar; B, second instar; C, third instar; D, fourth instar; E, fifth instar. Note also position of dorsal

gland orifice between segments 3 and 4. (Original.)

form. The time occupied in the different stages has run from 5 to 8

days, averaging 6 to 7 days, and the total period of development from

hatching to adult stage must be about 30 to 35 days.

The principal changes are in the increase in size and in the growth of

the wing pads, which are entirely wanting in the first, appear as faint

enlargements of the mesothorax in the second instar, are fairly distinct

on both mesothorax and metathorax in the third, extend to the second

abdominal segment in the fourth and on to the middle of the fourth

segment in the fifth for the female and to the base of the fifth segment

for the male. There is considerable irregularity in development, as

instars i to 4, and probably 5, with adults were taken on June 23.

In the fourth and fifth instars the sexes are easily distinguished, males

being slightly narrower, the abdomen with more parallel sides, and the
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genitalia being seen in outline through the semitransparent walls (fig.

3,A,B).

With the final molt the wings expand rapidly, and the distinction

between males and females and the dimorphic forms of females become

clearly marked.

The adults remain quite constantly on the grass heads and evidently

feed for a number of days before mating or egg laying begins.

The insects cling to the stems or heads of grass quite firmly, the tarsi,

which are quite long, being evidently well fitted for securing a firm hold

to the parts of the grass. They seem to obtain the best hold on the

smaller stems, i>^ to 2 mm. in diameter. On the timothy heads the

tarsi catch in the florets, which seems to give them a very firm foothold,

as they are not easily dislodged. They could doubtless cling to the

heads easily while the hay is being handled.

On the grass heads they are more commonly found with their heads

directed upward, and they show some tendency to mount to the highest

Fig. 3.

—

Mirisdolabratus, genital segments: A, Female; B, male of fifth instar nymph; C, female; D, male of

adult. (Original.)

point; but they often stand head downward and pass up and down the

heads and stems freely. The position with the head upward appears to

give them an excellent position for probing into the florets with their

beaks. It was noted that in egg laying the females selected small stems

of grass, I to i^ mm. in diameter, while in clover stems as much as

2)4 mm. diameter were used. Probably the rough or softer stem of

clover serves as a good foothold, though the tarsi are too small to clasp

around it.

The insects are not very conspicuous on the grass, even where plentiful,

and may be somewhat protected by their form and coloration, especially

from a little distance. At close range they are disposed to dodge behind

the grass when disturbed, and they can move with considerable celerity.

The proportion of the sexes and the two forms of female is of interest

and possibly of economic significance, since it bears very directly on the

ability of the species to spread from the fields in which they hatch.

In the ordinary field captures the short-winged females were in the

majority, and in captures with special effort to obtain all forms they

were usually somewhat more numerous than males, a fact that may be
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due to the greater activity of the males which enables them to avoid the

net. The disparity is not so great, and a fairly equal proportion of males

and females may be assumed. F'or the macropterous and brachypterous

forms of the female, however, there is very evidently a decided dispro-

portion, amounting in the captures at Orono to about i to 9—that is,

90 per cent of the short-winged to 10 per cent of the long-winged. Of

125 collected on July 11, 51 (40.8 per cent) were males and 74 (59.2 per

cent) females. Of the females, 72 were short-winged and 2 long-winged.

This disproportion seems to be still further magnified by the greater

number of eggs developed in the short-winged forms.

There is some reason to think that the long-winged females develop

slightly earlier than the short-winged ones, and possibly there is some
scattering of these and an earlier egg deposition; therefore observations

to correct or verify this point are desirable.

As usually found in the field, the brachypterous forms were much
more evident and undoubtedly constitute the main source of egg pro-

duction. They usually show much greater distension of the abdomen,

and are full of well-developed eggs at time of mating. They are so heavy

they would probably fly with difficulty even if the wings were not aborted.

As it is, they can not fly at all, make no attempt to use the wings, but

drop or flutter helplessly to the ground when thrown into the air; hence

they must necessarily lay their eggs in the immediate vicinity of the place

where they have hatched and grown. No mating of long-winged females

was observed, but this is not strange and does not warrant the assumption

that they are unfertilized.

EGG PRODUCnON

The dissection of a number of individuals when fairly mature as well

as the number of eggs deposited by individuals under observation indi-

cates an egg production of from 60 to 70 for each brachypterous female.

One dissected macropterous female contained 60 eggs, but all others had

from none to 15. Of those dissected on July 11, 27 contained a total of

58, 21 had none (it is barely possible they had completed oviposition)

,

4 had 10 or more, the highest being 15 each.

If these figures can be taken as at all representative of average con-

ditions, it means that on the basis of an average of 70 eggs per individual

for the brachypterous and of 2 for the macropterous form, and assuming

that 10 per cent were macropterous, the macropterous would produce

but one three hundredths of the eggs, which would be an almost negligible

number as affecting dispersal and would raise some interesting biological

questions concerning the survival of the brachypterous form. However,

as already hinted, these figures must be considered as representing a

very limited period and were obtained before we had sufficient acquaint-

ance with the species to secure proper checks.
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MATING

The preliminary steps in mating have not been observed, but in a

number of cases males and females in copulation have been kept under

observation for several hours. The usual position is for the male to be

at the right side of the female with the legs of the left side clasping her

body, the forelegs crossing the forward part of the body and the others

disposed across the thorax and base of the elytra. The right legs remain

free and may be used slightly in clinging to adjacent objects, but the

female alone may cling to the grass head or stem. The tarsi of the left

legs of the male are held against the margin of the female's body and

apparently kept in one position for the entire period of mating. The

abdomen of the male is bent under the female with its dorsal face up-

permost and the genital organs inserted at the base of the ovipositor.

In one instance a pair taken on July 10 about 7.40 a. m. and carried

on the grass stem for about a mile remained in copulation until 9.40

in spite of considerable handling. After separation they showed no in-

clination to subsequent mating. The male died on the third day follow-

ing, and the female began ovipositing in about 24 hours after mating,

certainly then and possibly earlier. Other observations confirm the view

that mating lasts for several hours, and no evidence has been found that

either males or females mate more than once.

Considering the tenacity of their hold and the tendency to cling closely

to the grass while mating, it is possible that methods for capturing them

might be more effective at this period. It is quite possible that they

might be carried with hay at this time more easily than otherwise, and

if scattered in favorable situations serve to provide for wider dispersal

EGG DEPOSITION

The process of egg deposition is interesting and has been watched re-

peatedly with females confined in glass tubes, but it has not been ob-

ser\^ed directly in the field. The females in the field evidently succeed

in keeping out of sight or perform their egg laying with such rapidity

that there is little chance of finding them at work. It was only after

watching them in confinement and learning how the eggs were laid that

we succeeded in discovering the eggs in stems in the field where the

insects had been abundant.

When about to oviposit, the female seeks a suitable place on the stem,

more frequently with the head upward, but often in the reverse position,

and explores the stem carefully with the beak. She appears to make a

slight puncture with the beak then draws the abdomen at a sharp cur\^e

up under the thorax and places the tip of the ovipositor on the spot

where the beak has rested. The ovipositor is withdrawn from its sheath

and stands at nearly right angles to the genital segment and the insect

with all legs clasping the stem and evidently strained very tensely begins
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a swaying movement forward and backward working the tip of the ovi-

positor slowly into the stem. If unable to start it promptly, she may
shift her position and reinsert the beak, then begin again with the ovi-

positor. When the point of the ovipositor has been thrust in, evidently

at the point where it has penetrated the outer wall of the stem, the body
is pushed forward and the ovipositor pushed strongly downward and
backward till it is embedded its full length. A few contractions of the

abdominal segments serve to slip the egg along the ovipositor, a scarcely

visible operation from the outside, and the ovipositor is quickly with-

drawn. The slit in the stem closes up so as to be entirely invisible. The
egg is held by an operculum. The insect takes a short interval of rest

or may renew the process almost immediately, eggs being laid at the rate

of one every minute or minute and half to two minutes. On the with-

drawal of the ovipositor, she feels with her beak the point where the egg

was inserted, moves forward a trifle, and again feels the surface with the

beak, apparently relaxes a little and then, rubbing the fore tarsi together

and holding them free, vibrates the joints as if to limber up after the

severe exertion of forcing the ovipositor into the stem, and proceeds to

lay another egg. About 20 eggs have been laid in the course of half an
hour, and this is about the highest number usually found in a series in

stems collected in the field.

That eggs are laid on different days was shown by one female which

laid about 20 one afternoon between 4 and 5 o'clock, 11 on the following

day at about the same hour, and 6 the third day between 4.40 and 4.50

p. ni. She may have laid others when not under observation, as 52

eggs were later counted in the stems in which she had oviposited, and
these were pretty surely all laid by this one female. As she was dead

on the morning of the sixth day after the first oviposition had been

seen, she may have laid eggs possibly on four or five days, but certainly

most of them laid after she was under observation must have been

deposited during three days. It is rather striking that the eggs should

be laid on successive days at so near the same time of day. In other

instances oviposition was observed in the morning, but the time of day

may be fairly uniform for each female. This long interval affords the

insect an opportunity to rest, probably to feed, and may also be asso-

ciated with the maturing of the eggs or their adjustment in the oviducts.

The insects disappear rapidly after the egg-laying period, so quickly

in fact that we were much puzzled as to their whereabouts. An ex-

amination within a day or two, especially after the grass had been cut,

would show scarcely an insect where they had been numerous; therefore

a special effort was made to follow them after the mowing. The males,

of course, could fly readily, but they show a tendency to cling pretty

closely to the grass and might be carried from the fields with the hay.

The females cling still more closely to the grass, the short-winged ones

making no attempt to fly, and the long-winged ones having apparently
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very little disposition to travel in that way. After the cutting of the

grass, the females would be found running about over it, no lAales nor

long-winged females being observed. Mr. Fletcher reports close watch-

ing of one female for an hour and a quarter. She ran about over the

cut grass, but did not attempt to get beneath it nor hide in any way,

except when a sudden movement by the observer took place. Then the

insect would dodge behind or under a grass stalk, where it would remain

for a few minutes. It was not observed to feed during the time it was

watched. In another field, an old meadow, a careful examination was

made, Mr. Fletcher reporting that

—

A course was taken from the outside swath to the inside one so that grass cut for

about two hours and freshly cut grass was examined. Females were found easily

upon the top of the grass," but no males. Two long-winged females observed acted

to all appearances like the short-winged individuals, making no attempt to fly.

The females made no attempt to seek shade, though the sun was high.

However, the insects ordinarily cling to grass heads in full exposure

to the strongest heat of the sun.

After the hay has been raked together, it is practically impossible to

find insects in the stubble, however, they may be found for a time on

the haycocks, but not down in the hay. Some of them may very prob-

ably be carried in with the hay to the haymows, but are not to be found

by an ordinary search.

The most plausible explanation for this very rapid disappearance is

that the insects die shortly after egg deposition, and that as most of the

females had oviposited before the grass was mowed, they died off rapidly

afterwards, and their shriveled bodies became difficult to find or were dis-

posed of by ants. Their bodies are very fragile, and easily broken to

pieces when dfy; hence, a few days of dryness, or possibly a heavy rain,

may destroy nearly all traces of the dead bodies.

Those that have not deposited eggs can evidently carry this on readily

in the stubble, as it has been determined that the great majority of the

eggs are placed near the ground.

It is entirely probable that females may be carried in with the hay

and deposit eggs in the stems after the hay has been stored. Where the

hay has been cut early or before the time of egg deposition, this is likely

to occur; but from the apparent efforts of the insects to keep above the

mass of hay it seems probable that the majority of those covered deeply

would fail to oviposit. It is doubtful whether they could oviposit in

dry stems, and even if they did, the fate of the eggs would seem to offer

little opportunity for the serious dispersal of the insects, except where

shipped to a distant locality.

It is conceivable that, considering the evident toughness of the egg-

shells and their ability to resist adverse conditions, the eggs might pass

through the alimentary canals of horses or cattle undigested and unin-

jured, and later possibly be carried back to fields in the form of manure;
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but such a transfer, even if possible, must have little, if any, practical

importance, considering the normal condition of the great mass of eggs

being placed near the ground and protected for their period of develop-

ment in the stubble.

PLACE OP DEPOSITION

In order to determine as certainly as possible where the majority of

the eggs are deposited, counts were made of a number of stems of the

grasses on which the adults commonly occur and from a field where the

insects had been present in large numbers during the present summer.

One hundred stems each of timoth)^, orchard grass, meadow fescue, and

witch grass were selected from a point where the insects must have

been abundant and where eggs should certainly be plentifully found.

Out of this number two timothy stems were found with eggs, one of

meadow fescue, and one of orchard grass, but the witch grass had none.

An additional 25 stalks of timothy were split, and many stalks were

examined and slit part or all of their length without finding any eggs

in the upper part of the stem. In no case were eggs found beneath

leaf sheaths or in stems where it would have been necessary to puncture

through the leaf sheaths to reach the stem.

It appears very clear, therefore, that the great majority of the eggs

are placed in the stems of plants near the ground and below the level of

cutting, so that but very few can be carried out of the field with the hay

in cutting or harvesting. This makes very clear the presence of immense
numbers of insects in meadows which are regularly mowed and from

which the hay is removed, and emphasizes the effect of the short-winged

condition and inability to fly of the greater proportion of the females.

However, a sufficient number of eggs may be placed in the stems above

the height of the stubble or be raked up in stems from the ground and
carried in with the hay to provide for limited dispersal and account for

the transportation of the species from one region to another (PI. 12).

DESCRIPTION OF MIRIS DOLABRATUS

No very satisfactory description of Miris dolabratus is available in the

accessible textbooks or manuals.

The adults are about two-fifths of an inch long (9 mm.), rather slen-

der, with long black antennae which are thickest at the base, the head is

rounded, set fairly close to the thorax, which widens behind; and the

wings lie nearly flat on the back, are narrow, and have nearly parallel

sides, extend to or slightly beyond the tip of the abdomen in the males

and long-winged females and to the fifth abdominal segment in the

short-winged females. The color is yellow or yellowish gray with

dark markings, which form two rather indefinite stripes on the prono-

tum and elytra. The antennae and legs are black, with yellowish bases

or yellow with black hairs and spots.
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The nymphs are yellow marked with black, the general color being

quite dark in the early instars and becoming lighter with the successive

molts.

DESCRIPTIONS OP BARLY STAGES

THE EGG

The egg of Miris dolabratus is of quite unusual shape and shows a quite

remarkable adaptation to its anchorage in the stems of plants. It is

of elongate-oval and strongly curx^ed especially near the head or attached

end, which expands slightly from a constriction in the curved part and

is surmounted by a large flat chorionic membranous expansion or oper-

culum, the width and length of which is nearly one-fourth that of the egg

itself (fig. i). The egg is shining, polished with a dense chorion, and

when placed in the stem with the operculum held firmly in the wall

stands out into the hollow of the stem. In clover stems they may be

embedded partly in the pithy layer lining the stem. The eggs are fully

developed in the ovaries soon after the adults mature and show fully

the enlarged opercula. The position of micropile and the route of

entry for the spermatozoa is undetermined, though it would seem almost

necessarily through the operculum. Egg length, 1.35 mm., diameter

0,25 mm. (fig. i).

FIRST INSTAR

' The smallest individuals found, and evidently first-instar individuals

partly grown, were 2.25 to 2.50 mm. long. The color is quite dusky or

blackish, the antennae and legs being entirely black, except a slighf:

pale portion of membrane at joints. The head above is blackish with

yellow area next the eye; beneath it is yellow. The thorax is yellow,

with a broad black stripe on either side; or it may be black with the

median and the marginal line yellow. The abdomen is brown, the

lateral stripe being yellow, and an oblique patch on each segment is

yellow. Beneath the abdomen is brown, with the hinder border of seg-

ments yellow.

The antennae have a total length of 2 mm.; the second and third

segments are equal in length, slightly longer than the fourth and twice

as long as the first, the fourth being about as thick as the third. The

beak extends to the hind coxte and is thick.

SECOND INSTAR

The insect in the second instar resembles the first in color, being dusky

though of a trifle lighter color and showing more of the greenish gray

of the later stages. This color becomes more pronounced as the insect

grows during the instar, especially for the margins of the thorax and

abdomen. The wing pads are very slightly indicated as blunt lobes on

the hinder borders of mesothorax and metathorax. The antennae are
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distinctly longer, the second segment being longest, with the third a
little longer than the fourth. The beak reaches the base of the hind
coxae. The length is 3 to 3.5 mm. and length of antennae 3 mm.

THIRD INSTAR

The third-instar individual is distinctly lighter colored, and the pat-

tern of marking is more like that of the later stages. The wing pads
are distinctly indicated, those of the metathorax extending well onto

the base of the second abdominal segment and those of the mesothorax
extending well back on the metathorax pads to a line with the base of

the second abdominal segment. The antennal segment, too, is nearly

one and a half times the length of the third, the third twdce the length

of the fourth and three times the length of the first. The beak reaches

between the mid and hind coxae. Length, 5 mm. Total length of

antennae, 4.5 to 5 mm.
FOURTH INSTAR

Lighter in color, greenish border of thorax and abdomen broader,

first and second segments of the antennae, except at apex greenish; legs

except tarsi greenish, hairs black; antennal second segment about one and
one-half times as long as the third, the third three times aslong as the fourth

and first, fourth and first about equal. The wing pads are considerably

enlarged, the mesothoracic pads extending over and beyond the meta-

thoracic pads and to the middle of the third abdominal segment. The
beak reaches to the hind border of the middle coxae. Length of body,

6 mm.; of antennae, 6 to 6.5 mm.

FIFTH INSTAR

The individual of the fifth instar is light gray-green or yellowish green

with black or fuscous patches and stripes forming two nearly continuous

stripes over the wing pads and abdominal segments, paralleHng the

margin, and a median double row of spots on abdomen; antennae greenish,

tips of first and second and all of third and fourth segments blackish, legs

greenish, tarsi black. Antennal segment two three times as long as the

first, two and one-fourth times as long as the fourth, and about one and

two-thirds times as long as the third. Length of body, 6.75 to 7.25 mm.

;

of antennae, male, 6.25 mm. The beak extends to the base of the middle

coxae.

The characters that seem of special service in recognizing the various

instars are the comparative lengths of the antennal segments and the

development of the wing pads. While these are subject to slight varia-

tion in different individuals, they seem fairly constant, and the descrip-

tions and figures have been made from what seemed to be representative

specimens. The orifice of the dorsal gland between third and fourth

segment, while not furnishing distinctive characters of the instars, is a

good landmark for locating the abdominal segments.
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The adult antennae are much longer proportionately, and this elonga-

tion is due mainly to elongation of first and second segments, the first is

one-third of the second, the second nearly four times the fourth and nearly

twice as long as the third (fig. 4).

NATURAL ENEMIES

Among the natural enemies or checks of the species may be counted the

gray-damsel bug, Reduviolus ferus (fig. 5), which is a very common and

widely distributed species throughout the northern part, at least, of North

America, and in fact the holarctic region. Webster and Mally {iSgj,

p. 41) states that Coriscus ferus was observed to attack Leptoterma

dolobrata L. which was feeding quite abundantly on timothy heads about

East Cleveland, Ohio, on June 28, 1896.

Fig. 4.

—

Miris dolabratus; A-F, Antennae of nymphs: F, antenna of adult male drawn to same scale

and showing relative lengths of segments. (Original.)

This species has been found in Maine associated with Miris dolabratus

as well as with the leafhoppers, and it is probable that it may feed on

either with equal avidity. While it has not been seen feeding on the

mature M. dolabratus, it is pretty certain that it will feed upon the larvae,

as its fondness for leafhoppers in both the nymph and adult stages has

been proved by repeated observation. Direct observation of the insects

attacked is difficult, as it is almost impossible to follow them in their

movements in the field. Even when offered a variety of food in confine-

ment it is difficult to determine their selection in the species offered, as

they very seldom make their attacks on the insects while under observa-

tion, and it is left to infer from the numbers killed how ready they are to

prey upon different kinds. We have had them live and thrive in confine-

ment and progress to the adult stage on a diet of M. dolabratus and also on

a food supply of leafhoppers, and it is probable that they will eat a variety

of small insects, the particular kinds being determined rather by the

available supply than by any definite choice on the part of the bug.

They are able to survive considerable periods without food, and their

development is doubtless affected either by abundance or scarcity.

The appearance of the different instars of the early stages is not at

all uniform, as individuals of several different stages, as well as adults.
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may be found at the same time in the early part of summer. Thus, a
first-instar individual was taken on June 27 and a second-instar on July

5, a third on July 6; but fifth-instar individuals occurred on June 26;
one changed to adult on June 30, and the other fifth-instar individuals

were taken on July 6 and 13. Mr. Fletcher collected 10 nymphs, last

instar, and 33 adults, 9 males and 24 females. During the latter part of

the summer only adults are found, so it appears that the early stages

must be passed during spring and early summer. During the earher part

of the summer fifth-instar individuals were taken much more commonly
than the earlier stages, and it would seem that they remain in this stage

longer than the earlier instars, or else they are in position for a more
ready collection. Confined and furnished occasional leafhoppers as food,

they have been carried for a period of seven days in this stage.

Adult females contain well-developed eggs in late summer, and while

there is no probability of a second generation, at least in the latitude of

Orono, it appears probable that eggs are laid in autumn to hatch the

following spring.

The smallest individuals found and evidently of the first instar are of

a very delicate, almost transparent whitish color, with a length of 2.5

mm. and a width of thorax of about 0.6 mm. The hind tibiae are i .5 mm.
The antennas have four joints : First thickest, second slightly longer than

the first, the third the longest, a trifle longer than the second, the fourth

about equal to the third. The eyes are red. A conspicuous red line is

seen on the thorax and abdomen, with a dusky stripe at the side of the

thorax (fig. 5, A).

The second-instar individuals have a length of 4 mm., with antennae

of 3 mm. A conspicuous dark-red median line runs from the head to the

tip of abdomen. A broad yellow stripe occupies the middle of the body,

bordered by a dusky, irregular stripe each side. Legs light yellow

spotted with black, tarsi black at tip. The wing pads very slightly indi-

cated at the outer angles of mesothorax and metathorax (fig. 5, B).

The third instar has a length of 4.5 mm. and is a little thicker than

the second. The red Une along the median dorsum is conspicuous, but
somewhat broken and at places very slender. The antennae are dark

except tip of first and basal four-fifths of the second segments (fig, 5, C).

No specimens considered as representing the fourth instar have been

seen.

The final observed nymphal instar and apparently the fifth has a

length of 6 mm., a width at base of abdomen of about 2 mm., and is

elongate-fusiform in shape. The head is slender and the eyes globose.

Antennae slender, the first joint thickest, minutely hairy, second and
third about equal in length and slightly longer than first or fourth.

Forelegs with the femora enlarged, middle femora nearly as large as

the fore, the hind femora slender. The beak is 3-jointed and reaches
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to base of the first coxae. The color above is ohve, with a central spot
on segments 3 and 4 and the margins of the abdomen yellow or salmon-
colored, tinged with orange. A dark-red or red-brown median line runs
from the head to end of abdomen interrupted on base of meso-thorax and

Vio. s.-Reduviolus fetus L.; A, first instar; B. second instar; C, third instar; D, genital segments of
female; E. fifth instar; F. adult male; G, genitalia of male.

at abdominal articulations. There are dark spots of various designs on
the head, prothorax, mesothorax, and wing pads. The wing pads are
dusky at tips; legs with black dots; tarsal tips black. Yellow spots occur
on head, thorax, and a marginal series on abdomen in outer part of the olive
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area. Beneath olive and yellow, the former mainly in form of a broad

median stripe including some yellow spots. The pectus is mainly yellow,

the abdomen yellow (fig. 5, E).

Reference has been made to the record of Leonard {1916) of rearing

Phorantha occidentis from Miris dolabratus in New York. A larva, appar-

ently a tachinid, was obtained issuing from a nymph of M, dolabratus at

Orono, June 17, 191 6, but it failed to mature. On July 18, 191 6, a

nymph which issued from M. dolabratus buried itself promptly in the earth

and from this an adult emerged on July 29. This larva issued from the

anterior part of the abdomen under the wings, while the host was still

alive. The species has not been determined, but is evidently closely

related to the species bred by Leonard.

Spiders are undoubtedly quite efficient enemies of the plant bugs,

but they dispose of their prey so completely that little is left as evidence

of their work. Mr. Fletcher found an individual of Miris dolabratus en-

circled by a spider's web in which it had evidently been captured and

enmeshed. In some unpublished records made by Mr. Sherman Bilsing

in Ohio a number of different species of spiders are credited with feeding

on this species, along with many other capsids.

The extent to which birds, toads, and other animals may serve to reduce

their numbers is open to study.

The Entomophthorae may be considered as potential checks, but so far

no extensive destruction of Miris dolabratus has been noted by them. A
dead specimen infested with fungus was collected by Mr. Newman on

June 28, 1 91 6. This was sent to the Bureau of Entomology and referred

by Dr. Howard to Mr. A. T. Speare. His report is as follows

:

The single specimen of Mtm dolabratus infected by a fungus closely related to the

above {Entomophthora aphidis), but, owing to insufficient material, I would not ven-

ture to assign it anything but the generic name Entomophthora. Both contributions

are very interesting, the latter especially forming, I believe, a new host for this group

of parasites.

CONTROL MEASURES

While the main efforts in the studies during the summer of 191 6 have

been directed toward solving a number of puzzling questions as to the

development and habits of the species, and while some definite experi-

ments are needed with certain measures that may be suggested on the

strength of the facts learned, there is certainly a very definite basis

established for certain kinds of treatment that should do much to reduce

the numbers of the insect.

The most fundamental point determined with reference to the insect

in connection with control is doubtless the fact that the eggs are deposited

in the stems of plants in the fields where the insect has been present.

This, in connection with the fact that the great majority, probably 90
per cent of the females, are wingless, means that we know that practically

all the eggs deposited in midsummer are in the old timothy meadows
78775°—18 5
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and that any measure which will destroy them in this location will have

immediate effect in preventing further loss from this source.

It is very evident that plowing under and planting of the field to a

different crop will absolutely prevent further injury from the stock of

insects established in any old meadow, and therefore rotation, where this

is practicable, may be counted a certain remedy for the field concerned.

However, for the protection of adjacent fields or in order to exterminate

the insect as completely as possible the borders of the fields and the fence

rows usually supporting a considerable growth of grass should be remem-

bered and, for the disposal of this insect, should be plowed as closely to

the border as possible or burned over when the grass is dry, so as to

destroy the eggs as completely as possible.

Where rotation is impracticable or undesirable, it will be more difficult

to obtain complete eradication, and careful tests of treatment, based on

the habits of the insect, are necessary to determine the most successful

methods.

It is clear that burning over of meadows if sufficiently dry in autumn
or early spring so as to destroy the eggs would be very effective, but

there are, of course, many objections to this treatment so that it can not

be urged as sufficient. In some seasons probably there would be no time

when the grass would burn sufficiently close to the ground to destroy

any large part of the eggs and there is the danger, if burned too deeply,

that the stand of grass will be injured. This method, especially for the

conditions prevailing in Maine, does not seem to promise much. Where
burning is practiced, it should assist. It would be worth while to com-

pare results in field so treated.

Early or late cutting of the cfop may have some effect on the number

of eggs laid in a field, an early cutting, before the insects are mature, for

example, depriving them of their usual form of food, the heads of grass,

may reduce egg deposition, but whether to such an extent as to warrant

any special change in the usual practice as to time of cutting can only be

determined by further study.

The application of any form of insecticide or of special kinds of fertilizers

does not seem to offer any very practical relief, and the use of hopper-

dozers or mechanical devices for their capture have not been tested ; nor

do they have much promise.

Finally there is the important consideration of the spread of the insect

into adjacent fields or farms or to more distant points, and for this the

facts obtained furnish a very sure foundation for effective control.

Since practically the only opportunity for such wider distribution is by

carriage of hay, the disposal of any such material introduced where the

insect is not present in some way so as to avoid scattering the eggs where

they can hatch where suitable food plants will be available for their sub-

sistence will serve to exclude them.
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SUMMARY

(i) Miris dolabratus has been a conspicuous insect in timothy meadows
in portions of the eastern United States during the past 40 years and now
has a distribution as far west as Illinois and Minnesota and south in the

Mississippi Valley into Kentucky.

(2) It is believed to be an introduced species, coming from Europe

with timothy hay or other large-stemmed grass shipped for forage or

packing some time between 1800 and 1825.

(3) It feeds upon cultivated grasses, especially timothy, orchard grass,

and meadow fescue, and when abundant must seriously affect the value

of the crop.

(4) It is a dimorphic species, there being two forms of females, a long-

winged and a short-winged form, the latter being far more plentiful,

about 90 per cent.

(5) The species hibernates in the egg form; hatching occurs about

May 25 to June 10 in Maine; and the nymphs pass through five instars

of about six or seven days each, adults occurring from early July, mating

and laying eggs from July 10 to August i for the short-winged forms

necessarily in the fields where the females have developed.

(6) The eggs are laid in stems of grass or clover in fields where females

have grown, being thrust through the wall of the stem and held by an

expanded cap which is firmly held by the walls of the stem, the egg being

protected in the hollow of the stem and in this position remain for at least

eight or nine months before hatching.

(7) Measures for control so far evident and based on habits determined

will consist especially of rotation, with probably some advantage from

burning, early cutting, pasturing heavily in fall, and possibly by mechani-

cal devices for capturing the nymphs or adults.

(8) The spread of the insect should be prevented by care in the dispo-

sition of timothy hay moved to a distance. No hay from an infested

district should be allowed to be scattered in or near meadows in localities

where the insect is not already present.

(9) Natural enemies consist so far as at present known of spiders, the

predacious damsel bugs, Reduviolus ferus, a tachnid fly, Phorantha occi-

dentis, and an undetermined species and a species of fungus, Entomoph-

thora sp.
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PLATE 12

Miris dolabratus:

A.—a, Eggs in grass stem, all hanging in one direction; b, eggs in grass stem placed

in opposite directions; c, same as upper part of b, more enlarged; d and e, eggs in clover

stems. Photographed by Mr. Hammond.
B.—Eggs at left; i, first instar; 2, second instar; 3, third inetar; j+, third instar

more mature; 4, fourth instar; 5, fifth instar; 6, adult male above, female below.

Photographed by Mr. C. J. Drake.





ANGULAR-LEAFSPOT OF CUCUMBER: DISSEMINATION,
OVERWINTERING, AND CONTROL

COOPERATIVE INVESTIGATIONS BETWEEN THE UNIVERSITY OP WISCONSIN AND
THE BUREAU OF PLANT INDUSTRY, UNITED STATES DEPARTMENT OF AGRI-
CULTURE

By EuBANKS Carsner'

Fortnerly Heinz Fellow in Plant Pathology, University of Wisconsin, and Collaborator,

Office of Cotton, Truck, and Forage Crop Disease Investigations, Bureau of Plant

Industry, United States Department of Agriculture

INTRODUCTION

The bacterial nature and the S5Amptoms of the angular-leafspot of

cucumber (Cucumis sativus) have been clearly described by Smith and

Bryan {15).'^ Prior to this paper the disease had been reported in this

country by Burger {1-4) and from Europe by Traverso {16) and Poteb-

nia {12). The two latter writers accepted Burger's statement that the

organism which caused the spots on the leaves was also responsible for

a serious rotting of the fruit. The inoculation studies made by Smith

and Bryan {15) showed that the bacterium which caused the leaf-spotting

was unable to produce a soft-rotting of the fruit. Extensive tests by
the writer have confirmed their finding in this regard.

The bacterial cause of the disease was determined independently by
the writer in the summer of 191 5, as set forth in a preliminary note (5).

The morphological and physiological studies which were subsequently

made of a strain of the causal organism isolated from a Wisconsin speci-

men gave results essentially in agreement with those reported by Smith

and Bryan (75). The name given to the organism by these writers is

"Bacterium lachrymans." According to Migula's system of classification

it would be called "Pseudomonas lachrymans."

The damage caused by the angular-leafspot can not be accurately

estimated. It varies greatly with differing weather conditions, but enough

weather favorable for the disease prevails each year to make the injury

of considerable importance (PI. 13, A). The writer's ideas as to the

destructiveness are based mainly on his field experience in Wisconsin

and adjoining States during three summers, together with more limited

observations in Virginia and southern California.

It is when the disease appears in a field early in the summer that the

greatest damage results, as would naturally be expected. Young plants

1 The writer wishes to express his appreciation to Dr. L. R. Jones, of the Wisconsin Experiment Sta-

tion, for helpful interest and advice in the prosecution of the work and to thank Mr. W. W. Gilbert and
Dr. M. W. Gardner, of the Bureau of Plant Industry, for helpful suggestions and cooperation.

* Reference is made by number (italic) to " Literature cited," p. 220.
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are often so severely attacked that stunting results (PI. 13, B). A few

scattered plants in a field or nearly all may be so affected, depending

chiefly on the meteorological conditions. Some observations on the

extent of the injury by angular-leafspot in a representative locality

may here be noted to give a more definite idea of the damage which

it causes. At Ripon, Wis., in the summer of 1914, sixteen cucum-

ber fields were under observation. The disease appeared in seven

of these while the plants were in the seedling stage, and by the middle

of the season, August 1 1, it had resulted in the severe spotting of approxi-

mately 25 per cent of the leaves. On August 11 the disease was also

present in three of the nine other fields, but in these it had been intro-

duced only a short time and had not yet become generally distributed.

A survey of the same locality on August 15, 191 5, indicates how wide-

spread the disease may become, especially when the fields are close

together. On that date 28 out of 35 fields visited were found to be

infested. A later visit revealed even further distribution.

The losses in the regions where cucumbers are grown for pickling

purposes result mainly from the decrease in yields due to the destruc-

tion of leaf surface, but it seems quite probable that in other sections,

as has been pointed out by Burger (i, 2) for Florida, where cucumbers

are grown for "slicing" purposes, and so must be shipped to distant

markets or kept in storage for considerable lengths of time, an addi-

tional loss may come from the secondary soft-rotting of the fruit. Lim-

ited observations by the writer indicate that in California the soft-

rotting of the fruit as an indirect result of the angular-leafspot may
cause some loss. The bacterium causing the leafspot does not directly

cause the fruitrot, but through the wounds which it makes on the fruit

softrot organisms are frequently able to gain entrance.

The widespread distribution of angular-leafspot and its frequent

occurrence give it a place among the major diseases of the cucumber.

The aggregate loss which it entails probably exceeds that caused by some

of the other diseases which are more destructive in limited areas. In

America this disease has been reported from Florida by Burger {1-4),

and from Connecticut, Indiana, Michigan, New York, and Wisconsin

and the Canadian Provinces of Ontario and Quebec by Smith and Bryan

(75). To this list of regions where it is known to occur may now be

added California, Colorado, Illinois, Iowa, Minnesota, and Virginia.

That it is probably widely distributed in Europe is indicated by the fact

that Traverso (16) reported it from Italy, and Potebnia (12) recorded its

occurrence in Russia. The wide distribution of the disease is a fact that

should be expected in view of the evidence to be presented that the

causal bacteria are seed-borne and in view of the general occurrence of

the trouble in seed-growing localities.
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PRELIMINARY CONSIDERATIONS

The chief purpose of this paper is to present evidence bearing on the

phases of the problem which are of direct economic significance. Certain

other parts of the work which has been done have yielded results worthy

of record; and, since some of these results are pertinent to the questions

of dissemination, overwintering, and control, they may appropriately be

presented before passing to the consideration of the latter points.

DESICCATION

Many questions in regard to the dissemination and overwintering of

the causal organism of angular-leafspot depend on its sensitiveness to

desiccation. The organism has been shown by repeated tests to be

relatively sensitive to drying on glass. With a 3-mm. platinum loop

drops were transferred to carefully cleaned cover glasses from 36-hour

cultures in beef bouillon and in cucumber-leaf decoction from the leaf

exudate and from a suspension in distilled water of the organisms from

freshly invaded tissue. None of these showed viable organisms after

four days' drying at room temperature. Smith and Bryan (15, p. 470)

found that the organisms from a young bouillon culture when dried on

glass were viable after 2 1 days. The variance in these results may possi-

bly be due to some slight difference in methods, which may have made a

difference in the time for which the bacteria were exposed to complete

desiccation.

Freshly invaded fruit and leaf tissue dried in diffuse light at room

temperature showed viable organisms after 3 and 10 days, but none

were alive after 32 days.

Short periods of drying, four to five days, resulted in the death of all

organisms on seed which had been disinfected with mercuric chlorid,

washed thoroughly, and then wet with a young bouillon culture of

Bacterium lachrymans. The fact, however, that the bacteria do survive

long periods of desiccation on or in the seed is shown by the evidence to

be presented under the discussion of overwintering.

The results of one test on culture media are here pertinent because

they show that there are conditions under which the organisms may
withstand long periods of drying. On February 2, 191 6, six tubes of

potato-dextrose agar, in each of which had been suspended approximately

0.5 gm. of powdered calcium carbonate, were slanted and inoculated.

The purpose was to see if the life of the cultures might be prolonged by

neutralizing with the carbonate the acid resulting from the growth of

the organisms. In a dextrose-containing medium the bacteria ordi-

narily make a rapid growth for a short time and then all die, so that the

tubes become sterile, usually within 10 days. The tubes in this test

were set away at room conditions and, because of the low relative hu-

midity of the laboratory air, rapidly dried out. Before they dried com-
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pletely, which required nearly two months, an abundant growth of the

organisms had been made. On November 8, 191 6, the dry remains of

the agar, carbonate, etc., from three of the tubes were transferred to

tubes of bouillon. Growth occurred in all three tubes thus inoculated,

and in each case the identity of the organism was established by inoculat-

ing cucumber plants. Two of the remaining three tubes were similarly

tested on February 9, 191 7. Growth resulted i;i each case, and inocula-

tions again proved that the clouding of the bouillon was due to the

angular-leafspot organism. Since all other evidence is opposed to the

possibility of the formation of spores, the writer is inclined to explain

the survival of some of the bacteria in these tubes by assuming that they

were protected from complete desiccation.

THERMAL RELATIONS

The thermal death point of the angular-leafspot bacterium is be-

tween 49° and 50° C. Tests were made in lo-cc. portions of beef bouillon

in 'thin-walled test tubes at 46°, 48°, 49°, 50°, 52°, and 55°. Ten min-

utes' exposure at 46° must have killed a large proportion of the organ-

isms, because growth in tubes so exposed was much slower in appearing

than in the unheated controls. In each test some but not all of the tubes

exposed at 49° C. showed no growth. In none of the tests did growth

occur in tubes exposed at 50° or temperatures above that point.

An interesting contrast between the relation of temperature to

angular-leafspot and its relation to the bacterial-wilt of cucumber was

brought out at Madison, Wis., in 191 6. The maximum temperature as

recorded by the United States Weather Bureau there averaged 36.7° C.

(98° F.) for the five days July 26 to 30, inclusive. The highest tempera-

ture at the Weather Bureau Observatory was 38.3° C. (101° F.), but in

direct sunlight and near the ground undoubtedly the temperature was

higher. This unusually hot weather did not appreciably check the devel-

opment of angular-leafspot, which reached its maximum development

within about 10 days thereafter, but it practically stamped out the bac-

terial-wilt. Smith {14, p. 2og) accounts for the bacterial-wilt having

been found only in cool climates on the basis of the low thermal death

point, 43° C, of the causal organism.

The relation of temperature to growth in artificial media has been

found to agree with the report of Smith and Bryan {15, p. 470), and so

need not be given in detail.

The sensitiveness of the bacteria to freezing was tested by exposing

them in different media in glass test tubes outside a north window during a

period of low temperatures in the winter of 1 91 6-1 7. Dilute suspensions

of the bacteria in distilled water, freshly-inoculated tubes of beef bouillon,

beef bouillon with approximately 2 per cent of sodium chlorid, and 24-

hour agar slope cultures were exposed. During the first 9 days of the
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exposure the highest temperature was 0° C. (32° F.), the lowest -25.5° C.

(-14° F.), and the average daily mean was — i5.5°C. (4.1° F.). One
tube of each medium was taken in after 24 hours and longer periods and
thawed slowly in cold water. In the salt bouillon all the bacteria were
dead after 24 hours. In bouillon without salt all were dead after 60
hours. No test was made of the suspension in distilled water after the

60-hour interval, but no colonies developed in plates poured from one
of the other tubes melted after 4 days. On the agar some of the organ-

isms were alive after 6 days, but after 17 days all were dead. The sensi-

tiveness to freezing was undoubtedly increased by the sodium chlorid

in the bouillon.

Smith and Bryan (75, p. 471) reported freezing the organisms for 15

minutes in bouillon by means of salt and pounded ice. That exposure

resulted in the death of nine-tenths of the bacteria.

SENSITIVENKSS TO GERMICIDES

Tests of the sensitiveness of the organisms to formaldehyde, copper
sulphate, and mercuric chlorid were made. The dilutions of formalde-

hyde were made up by volume from the 40 per cent formaldehyde solu-

tion known commercially as formalin. The copper-sulphate and mer-
curic-chlorid solutions were made up i to 1,000 by weight and the

desired dilutions made from these. Exposures were made in all cases

by transferring a 3-mm. loop of a young bouillon culture to lo-cc. portions

of the dilutions in vials floated on a water bath at 25° C. Tubes of

melted agar were inoculated in duplicate or triplicate by a 3-mm. loop

transfer from each vial after an exposure of 10 minutes.

The test with formaldehyde resulted in the death of all organisms ex-

posed to a dilution of i to 10,000, of nearly all in the i to 100,000 dilution,

and of apparently none in the i to 500,000 dilution. The tests with cop-

per sulphate and mercuric chlorid were repeated twice. With the copper

sulphate the results did not agree throughout, but in all cases all organ-

isms were killed or prevented from developing by the i to 100,000 dilution.

There were no colonies, or a strikingly smaller number than from the con-

trols, in the plates poured from the i to 500,000 dilution. All organisms

were killed by exposure to dilutions of mercuric chlorid of i to 1,000,000.

The sensitiveness of the organism to copper sulphate was tested by
Smith and Bryan (15, p. 474). Their results show a slightly less marked
sensitiveness to this chemical than was found in the tests made by the

writer. The temperature at which their exposures were made was not

stated.

PLANTS ATTACKED

Little attention had been previously given to the question of the host

range of the disease or to the question of variations in susceptibility or

resistance to the disease in the case of the different types of cucumbers.
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Because of the bearing which these questions might have on distribution^

overwintering, and control, 12 horticultural varieties of cucumbers and a

large number of other cucurbits were tested as to susceptibility to angular-

leafspot. The varieties of field cucumbers and the other species and

varieties of cucurbits which are listed in the following table were grown

in a cucumber field thoroughly infested with angular-leafspot, where they

were under the most favorable conditions for infection. The varieties of

forcing cucumbers were tested by inoculation in the greenhouse.

Plants exposed to angular-leafspot infection

PLANTS ATTACKED

hor-Cucumber {Cucumis sativus),

ticultural varieties:

Davis Perfect.

Chicago Pickling.

Boston Forcing.

Early Russian.

Giant Pera.

Japanese Climbing.

Heinz Muscatine.

Lemon.

Thorbum's Everbearing.

Rollison's Telegraph.

Vaughan 's Prolific Forcing.

White Spine Klondyke.

West Indian gherkin {Cucumis an

guria).

Mandera gourd (Cucumis acutangulis)

Hedgehog gourd {Cucumis dipsaceus).

Calabash gourd {Ljigenaria vulgaris).

PLANTS NOT ATTACKED

1. Balsam-apple {Momordica balsamina).

2. Balsam-pear {Momordica charantia).

3. Squirting cucumber (Momordica ela-

terium).

4. Pomegranate melon (Cucumis melo var.

dudaim)

.

5. Cucum^is grossulariaeformis.

6. Muskmelon (Cucumis melo), 11 va-

rieties. (^

7. Snake melon (Cucumis melo var. flex-

uosus)

.

8. Wild cucumber (Echinocystis lobata) .
&

9. Watermelon (Citrullus vulgaris), 2

varieties. <^

10. Citron (Citrullus vulgaris).

11. Japanese crookneck squash (Cucur-

bita Tnoschata).

12. Hubbard squash (Cucurbiia maxima). «

13. Turban squash (Cucurbita maxima).

14. Summer squash (Cucurbita pepo var.

condensa).

15. Pumpkin (Cucurbita pepo)."-

16. Gourd (Cucurbita pepo var. ovifera).

17. Trichosanthes colubrina.

In the case of the plants other than cucumber attacked the causal

organism was isolated from diseased spots and identified by inoculating

cucumbers. Stained sections from paraffin-embedded matetial showed

bacteria within the tissue of the leafspots in all cases except that of the

West Indian gherkin, which was unquestionably subject to the disease.

STOMATAIy MOVEMENT AND INFECTION

The fact that leaf infection took place through the stomata was re-

ported by Smith and Bryan {15, p. 469), but th^ gave no discussion of

the conditions necessary for infection. Practicafly all of the earlier in-

oculations made by the writer were performed in the evening, after dark,

a Greenhouse Inoculations aiso gave negative results.

b The wild cucumber plants were not in t&e experimental plots, but grew near by and were artificially

inoculated.

6. Bryanopsis laciniosa.
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because the sensitiveness of the organism to sunlight was known and
because moisture, such as dew on the leaves, wa« thought to be the most

important factor in infection. A few infections were nearly always ob-

tained in this way, but the number was consistently smaller than occurred

on leaves naturally infected. A suggestion that the factors limiting the

number of leaf infections were in some way involved with the time of

inoculation was obtained when, from a series of inoculations made in the

field at intervals of 2 and 4 hours during the day and night of a 24-hour

period, more abundant infections resulted from the inoculations made
during the day. Evidence that infection occurs more abundantly when
inoculations are made during the day was confirmed by other tests.

The idea that duryig the process of photosynthesis enough oxygen was

given off through the stomata to exert a chemotactic action on the caudal

bacteria was first conceived as a possible explanation of the different

results from night and day inoculations. The hypothesis was abandoned
after experimental tests. Plants which were kept in darkness for 24

hours before and after inoculation became infected to about the same
extent as the controls.

The idea that stomatal movement might be a factor was next hit

upon. Pool and McKay (11) found that there was a relation between

stomatal movement in sugar-beet leaves and infection by Cercospora

heticola. This fact suggested that in the case of the disease under con-

sideration a similar relation might hold true. To study the behavior of

the stomata the method described by Lloyd {10) of direct visual observa-

tion of the stomata in situ was utilized. It was found that the stomata

on the lower surfaces of the leaves were generally open during the day
and closed at night. The movement of the stomata on the upper sur-

faces was not always the same as those on the undersides, but this fact

is of no special significance here. It was then found by repeated tests

that inoculations on the under surfaces made in the morning, when the

stomata were observed to be opep, gave much more abundant infec-

tions than did similar inoculations made at night, when the stomata

were seen to be closed (PI. 14). The following table gives a comparison

of the number of infections from night and day inoculations. The two
plants used were of the same age, each having seven leaves at time of

inoculation. Leaf 7 is the youngest leaf of each. They were treated

similarly except for time of inoculation.

Time inoculated.
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fection of leaves of different ages occurs is a matter of conjecture, but it

is thought to be associated with the fact that younger tissues are more

susceptible. Probably the relatively small number of organisms which

retain their motility are able, when the stomata open, to establish them-

selves in the younger leaves, but are not able to gain a foothold in the

older tissues.

The closure of the stomata may mechanically exclude the bacteria or

may interfere with stimuli which attract them into the interior of the

leaves. No attempt has been made to determine this point, but the first

theory seems to the writer the more plausible.

FRUIT INFECTION

Fruit infection occurs naturally without wounds. Stomatal infection

(fig. i) has been demonstrated in fruit artificially infected without

wounding. Burger's (4) de-

scription of the effect on the

fruit is accurate in part, but

the softrot which he empha-

sizes results from organisms

other than the species causing

the small, circular, localized

spots on the fruit, characteristic

of angular-leafspot infections.

The circular spots are at first

water-soaked in appearance.

Later their centers become

whitened, owing to a cracking

and drying out of the " tissues

(PI. 16, B). In fruit, as well

as leaf tissue, the bacteria

have been seen only in the intercellular spaces.

Fig. I .—Cross section of epidermal portion of cucumber

fruit fixed eight days after inoculation with Bacterium

lachrymans, showing presence of bacteria in stoma and

tissues below.

DISSEMINATION

The means by which the disease is spread have been given a good deal

of attention because of the possible bearing which these might have on

remedial measures. Some of the observations and experiments may throw

light on other and similar bacterial diseases.

BY RAIN AND WIND

That the important relation of rainy weather to the progress of angular-

leafspot, a factor previously observed, was principally in the dissem-

ination of the causal organisms was made clear in the summer of 191 6.

Healthy potted plants which had been placed outside of the greenhouse

and at a distance of 4 feet from infected plants became diseased after a
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rainy period. Experimentally infection was secured by placing recently

infected leaves on the ground beneath healthy plants on a day when
there were frequent showers. In the fields at Madison newly infected

spots appeared in abundance within five or six days after heavy rains,

especially the rains of July 19 and August 3-5. Rain must fall at rela-

tively frequent intervals to be effective in spreading the disease. Pro-

longed rainless periods check the development of the disease to a great

degree, especially if accompanied by high temperatures (PI. 15, C).

The importance of rain in the development of the disease was clearly

shown at Ripon, Wis., in 1914. Owing to favorable rainy weather early

in the season angular-leafspot spread throughout certain fields. Two
of the infected fields at Ripon and one in a neighboring locality, which

were visited on August 11 and 12, presented a striking appearance.

The vines were so grown together as to nearly cover the ground, but

the centers of the rows were clearly marked by the old, angular-spotted

leaves in contrast with the healthy green of the later growth which had
developed after the last heavy rain.

Further evidence regarding the importance of rain in relation to the

development of the disease was furnished by a comparison of conditions

at Madison and Ripon, Wis., in 191 6. The striking difference in the

amount and distribution of rainfall for the two places during the month
of July can be seen in Table I.

Table I.

—

Dates and amounts of rainfall at Madison and Ripon, Wis., in July, igi6

Day of month.
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One field, which we may call field A (fig. 2), was on the southeast slope of

a hill and surrounded by trees so that it was well protected from wind,

especially northwest wind. Field B was on the west slope of another

hill and freely exposed to wind. The original centers of angular-leafspot

in B were on the north side near the top. Thunder showers on July 12,

16, and 19 were accompanied by high winds from the north and west.

On July 29 it was noted that in field A the infested areas were strikingly

more delimited than those in field B. The difference could be explained

only as a result of the difference in exposure to winds.

Another field was situated on a freely exposed west slope, and its rows

ran with the hill, east to west. No notes on disease distribution there

were taken until August 4. On that date there was a center of abundant

2S

SO# /7/fZZ? ^
Fig. 2.—Diagrams of cucumber fields to show relation of wind and drainage water to angtilar-leafspot

dissemination. Double circles indicate the location of original centers of infection prior to storms.

Small circles represent secondary infections due to storms. In field A drainage water only was an im-
portant factor because of protection from wind while in the freely exposed field B wind also played a
part. Contour Unes indicate elevation above level of Lake Mendota, Madison, Wis. Broken lines show
the direction of the rows. For full explanation see text.

infection in the seventh row from the north side and scattered infections

in all of the 16 rows south of it. North of this badly infested area the

adjacent row, the sixth, showed a very small number of infections, and
the 5 others were entirely free from the disease. Obviously the northwest

winds had played an important part here also in spreading the disease.

Faulwetter (7) has shown that wind in connection with rain is an im-

portant factor in the spread of a similar bacterial disease, the angular-

leafspot of cotton.

The fact that the thundershowers mentioned as resulting in a marked
spread of angular-leafspot occurred during the daytime supports the

inference which may be drawn from the facts regarding the relation of

stomatal movement to infection, that rains which occur in the daytime

are more effective in the spread of the disease than are those occurring

at night.
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BY DRAINAGE WATER

Evidence concerning the distribution of the causal organism by
drainage water during rains was afforded by comparing developments in

fields A and B which were mentioned in the preceding section. The
rows in field A ran across the hillside, while in B they followed the direc-

tion of the slope (fig. 2). After the rains of July 12, 16, and 19 the dis-

ease appeared in field B throughout the length of the rows in which it

had been noted earlier and in plots below them where disinfected seed

had been planted. In field A, however, the spread of the disease was
nol mainly along the rows but rather crossed the rows, following the

path of the drainage water. The supposition is that the organisms were

carried by the drainage water and from it were spattered by the rain to

the healthy plants. Dissemination by drainage water has been noted

before with fungus diseases—for example, cabbage-yellows by Jones

and Gilman (9)—but, so far as is known to the writer, no evidence has

before been published in regard to its significance in the case of a bac-

terial disease.

Attempts to prove that drainage water carried the causal organisms

were made on two occasions late in the summer. Samples of drainage

water caught during rains at the lower edges of infested fields were

taken to the greenhouse and sprayed on healthy plants. The negative

results are not surprising in view of the fact that few new infections

developed in the fields where the water was caught, and that negative

results from attempts to isolate the bacterium from beetles from these

same fields also indicated that a large proportion of the bacteria had been

killed as a result of the long, preceding period of dry weather.

BY PICKERS

The spread of diseases due to fungi has been attributed to pickers

—

for example, bean anthracnose, by Whetzel (17)—but, so far as the

writer is aware, no such fact has been demonstrated for a bacterial dis-

ease. Experiments in the case of the cucumber angular-leafspot have

shown that the disease may be spread by pickers if picking is done

when the exudate is present on the infected leaves. On August 8 and 9,

1916, the matter was tested as follows: At 5.30, 7.30, and 8 o'clock on

the morning of the first day and at 8 a. m. on the second day two or

three leaves in each case were inoculated by rubbing with the hands

(as is done by pickers) after having first rubbed them through the

exudate on diseased leaves. In all four cases inoculated leaves became

infected (PI. 15, B), while the uninoculated controls remained healthy.

Picking is, of course, frequently done early in the morning and on

rainy days when the leaves are wet and the bacterial exudate is abundant.

Numerous observations show that the spread of the disease in the way
described in the preceding paragraph often results. The most obvious

78775°—18 6
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of the cases that have come under the writer's notice seems worth men-

tioning in detail. At Princeton, Wis., a patch of cucumbers of seven

rows was visited on August 12, 1916. In the middle of the third row,

counting from the north side, there was a circular area of *diseased

leaves, badly shattered by the rain of August 10. West of this area of

shattered leaves no new infections were evident. East of this area,

however, there were numerous recent infections, and the number of

these varied nearly inversely as the distance from the original center.

The location of diseased leaves and the position of the spots on them

corresponded to observations on dissemination by pickers made in

other places. When passing the patch later in the day the owner was

seen starting to pick on the west end of the first row, so that when he

would come to pick the third row he would be working eastward (fig. 3).

Evidently he must have followed the same course when the bacterial

exudate was abundant enough to thoroughly contaminate his hands.

—®-0-e-

FlG. 3- -Diagram of cucumber field to illustrate picker dissemination of angular-leafspot. ®=original

center, 0=new infections, arrows indicate direction the picker worked.

BY INSECTS

Cucumber beetles {Diahrotica vittata Fab. and D. duodecimpunctata L.)

have repeatedly been seen crawling over infected leaves and flying

about the fields when the bacterial exudate was plentiful, as early as

5.30 a. m. Platings from these insects were made in only a few cases.

That some of them would crawl through exudate and become con-

taminated seemed unquestionable. In one instance platings from a

water blank, in which had been dropped three 12-spotted beetles, yielded

the causal organism.^ Bees have been observed visiting the plants as

early as 7.30 a. m. and have been seen to occasionally brush against

exudate-bearing leaves.

The carrying of the causal bacteria from one part of a field to another

by insects is no doubt significant, but in view of the other ways in which

the local spread is accomplished it is far less important than is the dis-

semination of the organism by the same agency from diseased to healthy

' The organism in this case was not tested as to pathogenesis, but was identified by colony characters

on potato-dextrose agar. These typical colonies were more numerous than any other kind, and by transfers

(unintentionally delayed until lo days had passed) it was shown that the organisms were dead, as is true

for the angular-leafspot organism with media containing dextrose.
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fields. The evidence supporting the latter idea is observational. During

191 6 six experimental fields were grown near Madison in the same
vicinity with four privately owned commercial fields. The distances

between the commercial and the experimental fields varied from about

30 rods to K rnile. Angular-leafspot appeared in all six of the experi-

mental plots early in July. It appeared in only three of the others and

in these not until nearly the middle of August. Prior to this, in the fore-

part of the month, there was a period in which there was an abundance

of bacterial exudate in the infested fields and when insects, especially

the beetles, were very active. It is of interest here to note that in no

case did the original center of infection in a private field develop at the

edge, but rather in the interior of each of the three patches. It may be

stated with confidence that during the time in question no one except

Dr. M. W. Gardner and the writer visited both the experimental and

commercial fields, and as these visits were made when the leaves were

dry there seems little probability of the organisms having been trans-

ported by us. Comparable developments were observed at Ripon,

Princeton, and Pittsville, Wis.

Closely correlated with picker dissemination and the probability of

spread by insects is the relation of atmospheric humidity to the disease.

Under conditions of high relative humidity, such as frequently prevail

on summer nights, the invaded areas of the leaves take on clear-cut

angular shapes and the bacterial exudate becomes abundant. (See PI.

13, A). Such nights were those of August 8 and 9, 191 6. The relative

humidity, as recorded by a Friez hygrograph, varied on those nights

from 74 and 80 per cent, respectively, at 7 p. m. to 90 per cent, where it

continued until 6 a. m. Observations in the early mornings showed

abundant signs, as described, that conditions for the progress of the

disease had beeti most favorable. In steam-heated greenhouses, with

the relative humidity varying from 45 to 60 per cent, the disease develops

poorly or not at all.

OVERWINTERING

The several ways in which the causal organisms of other bacterial dis-

eases have been thought to pass the winter have been kept in mind in

searching for evidence as to how the angular-leafspot bacterium over-

winters.

SOIL

The sensitiveness of the organisms to freezing, as elsewhere recorded,

renders doubtful the possibility of their living over the winter in the soil

or in the debris of diseased vines in northern climates. A limited amount
of work on this question indicates that the bacteria do not live for long

periods in the soil. The question can not, however, be definitely settled

until further study of it has been made.
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INSECTS

The hypothesis that the bacteria may overwinter in or on the bodies of

insects is here mentioned because it might seem plausible in view of the

theory advanced with good evidence by Rand and Enlows {13) to

account for the overwintering of the organism causing the wilt of cucur-

bits. No dependent relationship, such as has been found to exist between

the wilt and cucumber beetles, has been observed in the case of angular-

leafspdt. Field observations in 191 6 furnish some good negative evi-

dence relative to the insect-overwintering theory. In one vicinity near

Madison six cucumber fields on "new" land planted with seed from one

source became diseased early, while four fields (planted with seed of a

different source) on or very near land which had previously been planted

with cucumbers did not develop the disease early. The early brood of

beetles was fully as abundant on the four latter fields as on those six

that became diseased early in the season.

SEED

The observations which formed the preliminary basis for the seed-

overwintering theory have been printed before (6), but for the sake of

bringing together all the pertinent evidence may be here repeated. In

June, 1 91 5, angular-leafspot was observed in abundance in a field south

of Portsmouth, Va. The plants were developing their fifth and sixth

leaves at the time. The field was on newly cleared land, surrounded by

woods and at least 3 or 4 miles from the nearest cucumber patch. The

evidence pointed strongly to the introduction of the organisms with the

seed.

The developments in the fields near Madison in 191 6 gave further

evidence that the organisms are introduced with the seed. The six

experimental fields previously mentioned were all on land which had not

been planted to cucumbers for at least three years. Angular-leafspot

appeared on seedlings in all six of these fields, and in three of them it

was noted on the cotyledons. In the case of the four commercial fields

near by which were planted with seed from another source the disease

did not appear at all in one and not until late in the season in the other

three. This evidence so strongly indicated that the bacteria live over

winter on the seed that it seemed worth while to study the matter in the

commercial seed fields. Accordingly the writer visited a large seed-

producing center in Iowa and Dr. M. W. Gardner, because of his interest

in the question in relation to cucumber anthracnose, visited a seed farm

in Ohio. In one of the seed fields in Iowa the disease was widespread

and, according to a hasty estimate, 25 per cent of the fruits were attacked.

Dr. Gardner found spots on the fruits in the Ohio fields which he was

reasonably sure were due to the angular-leafspot organism.
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Since the fruit invasions are local and shallow, it is evident that the

seed rarely, if ever, becomes attacked naturally. A study of the way the

seed is thrashed, however, sheds further light on the way in which the

seed may become contaminated.

The thrashing process practiced on the farms visited is probably in

general use. It is begun by shoveling the whole fruits into a grinding

machine which chops them up and allows the larger parts of the fruit

pulp to be carried off on a rotating screen. The seed, the juice, and the

smaller pieces of pulp fall through the screen and are drained into con-

tainers. This much of the process would doubtless afford ample oppor-

tunity for the organisms to reach the seed. The next step, however,

probably increases the chances for the seed to become contaminated.

The seed with the pulp and juice is left in the barrels with frequent

stirring for a period of time varying usually from one to three days. The
angular-leafspot organism doubtless multiplies rapidly in this well

aerated mixture of juice and pulp unless conditions become unfavorable

owing to the by-products of other organisms. After the material con-

taining the seed has stood in the barrels for the time mentioned, it is

poured into other containers and the seed separated out as well as pos-

sible by repeated washings with water. Then the seed is dried on shallow

trays, at first in the sunlight and later indoors. The process of thrashing

includes no step v/hich would be likely to kill all the bacteria.

Seed for further study was sent to Madison from both the Iowa and
Ohio farms. The details of some of the experiments performed with

this seed and the results are here summarized.

Experiment OP February 20, 1917.—Sixteen flats of sand were steamed at 7 pounds'
pressure for one hour. Then each flat was planted with approximately 150 seeds

from Iowa. Before touching the seed the hands were rinsed in 70 per cent alcohol as

a precautionary measure. After the flats were planted they were wet down with
water that had been boiled (cooled), and boiled water was used in all subsequent
watering. None of the resulting seedlings were diseased.

Experiment of March 3, 1917.^—Fourteen flats of sand were steamed as before.

The hands were disinfected with mercuric chlorid and alcohol. Tne trowel was
treated with hot water. Twelve flats were planted with seed from the lot from Ohio,

about 100 seeds to each flat. One flat was planted with seed from the 1915 supply
which had been treated with i per cent formaldehyde for 20 minutes and another

with seed from the same lot which had been treated with i to 1,000 mercuric chlorid

for five minutes—^these two for controls. The flats were covered with sterilized wire

screen to protect them from mice and rats. The flats were watered with water (cooled)

which had been boiled.

On March 19 the writer found four seedlings in one of the flats showing typical signs

of angular-leafspot as they had been observed on seedlings artifically infected by plant-

ing inoculated seed and on naturally infected seedlings in the field (PI. 15, A). The
attacked seedlings were in two separated places—two affected seedlings next to each
other in each case—and apparently one seedling had been infected from its neighbor
in each instance. From a seedling from eachofthetwoplacesthe organism was isolated

and used in pure culture inoculations to reproduce the disease. Stained sections

'Performed by Dr. M. W. Gardner in connection with his work on cucumber anthracnose.
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of one of the spots on one of the cotyledons showed bacteria in the intercellular spaces.

Two of the seedlings were preserved as herbarium specimens. On March 27 another

infected seedling was noted in another flat. The organism was isolated and identified

by inoculation as before.

Experiment of March 27, 1917.'—Fourteen flats of sand and four of heavily com-

posted garden soil were steamed for one hour at 7 pounds' pressure. All but two were

planted with the seed from Ohio. These two planted with seed treated in 1916 with

mercuric chlorid and untreated seed from the 1916 supply, respectively. Precau-

tionary measures taken as before. On April 4 a typically infected seedling was noted

in one of the sand flats planted with the Ohio seed and on April 7 a well-advanced

stage of the disease was discovered on a seedling in another sand flat of the Ohio seed.

There was no doubt as to the cause of the lesions from the characteristic signs—viz,

water-soaked tissue and white exudate residue. Platings from each of these seedlings

gave an abundance of the typical colonies.

The results of these experiments and the fact that in Dr. Gardner's

later tests of the Ohio seed in sterile damp chambers one seedling in each

of two dapip chambers developed the typical signs of the disease prove

that the angular-leafspot organisms may live for at least seven months

on the seed. There seems no reason to doubt but that they can survive

for two months longer and infect the seedlings as field observations have

indicated.

The use of seed as badly contaminated as the lot from Ohio was found

to be, would have resulted in the early development of angular-leafspot

in as large a proportion of the fields as occurred in 191 6 in Wisconsin.

From the Ohio lot approximately 3,500 seeds were planted with the pre-

cautions described. Seven, or a proportion of i to 500, of the resulting

seedlings developed angular-leafspot. With this proportion or 0.2 per

cent and the use of 2 pou'nds of seed per acre, as is usually practiced, there

would be about 72 plants infected from seed-borne organisms to every

acre of cucumbers.

As to how the organisms are protected on the seed so as to withstand

the long period of desiccation there is no conclusive evidence. It seems

most likely to the writer, however, that they get in at the micropylar end

of the seed, and so are protected within the seed coat. The fact that the

iijfections of the seedlings nearly always occur on the edge of the coty-

ledons near the point of attachment to the stem—the part of the coty-

ledons which is at the micropylar end—indicates that the bacteria are

probably harbored beneath the seed coat (PI. 16, A). It might be

argued that, since on germination the attached ends of the cotyledons

are the first to emerge, the portion which becomes infected is the first

part which is exposed to organisms on the surface of the seed. This ex-

planation, however, seems less probable to the writer- than that the or-

ganisms are sheltered inside the micropyle. At any rate subsequent

work by Gardner and Gilbert {8) has shown that the bacteria are so lo-

cated that they can be killed by chemical treatment of the seed.

1 Performed in cooperation with Dr. M. W. Gardner.
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«i REMEDIAL MEASURES

The matter of finding some means of controlling angular-leafspot has

been kept in mind in all the studies, especially in comparing cucumber

varieties as to susceptibility, in observing the ways in which the disease

is spread, in testing the sensitiveness of the organism to desiccation, to

heat and chemical germicides, and in trying to determine how the bac-

teria are overwintered.
RESISTANT VARIETIES

Tests made in the field in 191 5 and 191 6 by growing the horticultural

varieties (listed on page 206) where they were exposed to infection yielded

no encouraging results. There was no marked difference in susceptibility

between the varieties. No instance of individual resistance has been

observed in all the fields which have been examined.

SANITATION

The evidence recorded under the section on dissemination by pickers

justifies the recommendation that where feasible the picking of fields into

which the disease has been introduced be done at times other than in

early mornings or on rainy days when the bacterial exudate is abundant.

In cases where it is necessary to pick over a partly diseased field under

those unfavorable conditions it may be worth while to pick the healthy

part of the field first.

The hope for the complete control of the insect pests, particularly the

cucumber beetles, seems to be a thing for which there is little basis. The

fact, however, as discussed under the consideration of dissemination,

that there is good evidence that these insects are instrumental in spread-

ing the disease from one field to another makes more urgent the need of

finding better ways of holding them in check.

SPRAYING

Spraying experiments in which Bordeaux mixture (3-6-50) was the

principal fungicide used, were under observation in Wisconsin during the

summers of 191 4, 1915, and 1916. Noticeable checking of the disease

resulted each year. Yield results were in all cases so vitiated by factors

other than the spraying, especially the mosaic disease, that comparisons

of them were of little value. Furthermore, the disease did not develop

in the most destructive way on the experimental fields. The data at

hand therefore hardly justify a definite statement of the value of spray-

ing for this disease, but, in the opinion of the writer, the practice would

not in Wisconsin and neighboring States be generally profitable on a com-

mercial scale. Several reasons have fumishd the basis for this conclu-

sion. Because of the early appearance of the disease, spraying, to be

most effective, would have to be started nearly as soon as the plants

came up. Because of this need for beginning early and continuing the
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spraying at frequent intervals throughout the season, the cost would

probably be greater than could be compensated by the resulting increase

in yield. Cucumber vines normally grow so rapidly that the intervals

between spraying would have to be short in order that a considerable

portion of the younger leaves would not be exposed to infection a good

deal of the time. The fact, however, that the disease is mainly depend-

ent on rain for dissemination and that long, rainless periods occur at ir-

regular times would make it a hard matter to recommend a spraying

schedule which would be economical.

Spraying where profitable because of other considerations has no

doubt been of increased value because of the partial protection afforded

from angular-leafspot damage.

Burger (4) reported beneficial results from spraying for this disease

on the basis of a limited amount of spraying in one season. He found a

decidedly smaller number of infected fruits in the sprayed than in the

unsprayed plots, and reported that the leaves in the sprayed plots were

healthier than those in the check rows. It is interesting to note, how-

ever, that his recorded yields show that in every case the total yield,

including infected and healthy fruits, was greater from the check than

from the sprayed plot. This fact may be correlated with the unsettled

question of spray injury to cucumber.

The readiness with which angular-leafspot is spread by spattering of

rain makes a spraying experiment, in which the check rows are parallel

and adjacent to those sprayed, incomparable to the spraying of a whole

field. This fact should be borne in mind when further spraying tests

are made.

SEED TREATMENT

The evidence indicates strongly that the angular-leafspot organism

overwinters principally on the seed. If this be true, the matter of con-

trolling the disease is greatly simplified, especially from the standpoint of

the industry of growing cucumbers for pickling. Some of the pickle

companies grow their own seed, while others buy seed from seedsmen.

All companies, so far as is known to the writer, furnish the seed to the

growers with whom they contract to raise the cucumbers. There will

be little difficulty, therefore, in getting the seed disinfected before it is

distributed to the farmers, after a satisfactory method of treatment has

been worked out.

Preliminary tests of treatments with hot water and with chemical dis-

infectants have been made. Seed has been treated as follows : Soaked in

water at 50° and 52° C. for 10 minutes; in formalin (4 per cent) for

5 minutes and 2 minutes; in copper sulphate (i per cent) 10 minutes and

5 minutes; and in mercuric chlorid (i : 1,000) for 5 minutes and 2 minutes.

These tests were run on such a small scale because of limited greenhouse

space for testing germination that conclusions can not be drawn as to
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the effectiveness of the treatments in killing the causal organism, but
they do indicate that no important injury ^ to the seed from these treat-

ments may be expected. Extensive field tests with treated seed and
further field trials of disinfectants with special reference to injury to the

seed are under way in Wisconsin, Michigan, and Indiana under the super-

vision of Mr. W. W. Gilbert and Dr. M. W. Gardner.

SUMMARY

Angular-leafspot of cucumber was first noted in Wisconsin in 1914
and its bacterial nature established in 1915. The disease is the same as

that described by Smith and Bryan {15) and earlier reported by Burger

(2), Traverso {16), and Potebnia {12).

The disease is probably world-wide in its distribution. Under favor-

able meteorological conditions it does a good deal of damage. Because

of its widespread and frequent occurrence it should be ranked among
the cucumber diseases of major economic importance.

Leaf infection is stomatal. Inoculations made at different hours

showed that infection occurs chiefly during the day rather than the

night. This is probably to be explained by the fact that the stomata
are open during the day and closed at night.

Fruit infection is stomatal. The disease first appears there as small,

localized, circular, water-soaked spots. The centers of the spots later

become whitened, so that they are more readily noticed.

Rain is the most important means of dissemination, but pickers and
probably insects play a part in this process.

The causal organism is sensitive to desiccation, is readily killed in

artificial media by freezing, is killed in liquid media by an exposure for

10 minutes at 50° C, and is readily killed by dilute solutions of formal-

dehyde, copper sulphate, or mercuric chlorid. The sensitiveness of the

organism to these chemicals is increasingly greater in the order mentioned.

There is substantial evidence that the causal bacteria overwinter with

the seed.

No marked variation in resistance or susceptibility has been found
among horticultural varieties of cucumbers. A few ornamental gourds
are attacked by the disease. Attacks are limited to the cucurbits, and
in that family no important crop plant other than the cucumber has been
found affected.

Sanitary measures, such as precautions in picking and in control of

insects, may be helpful. Spraying with Bordeaux mixture checks the

disease, but is of doubtful value as a general commercial procedure in

regions where spraying would not otherwise be practiced. Seed treat-

ment offers the greatest hope of satisfactory control.

1 la the subsequent field tests carried on by Gilbert and Gardner, the 4 per cent formalin treatment
caused considerable injury to cucumber seedlings, resulting in marked rolling of cotyledons and retarda-
tion of growth

. The mercuric chlorid treatment (i: 1,000 for five minutes) has proved safe and eSective (5).
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PLATE 13

A.—Cucumber leaf five days after inoculation with Bacterium lachrymans, showing

severe infection. The dark, angular spots had a water-soaked appearance. Drops

of bacterial exudate may be seen on some of the spots. Photographed by Mr. Fred

R. Jones.

B.—Plant a, photographed seven days after inoculation with Bact. lachrymans

shows considerable stunting as compared with the uninoculated control, plant b.

Yoimg plants as severely attacked have often been seen in the field.
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PLATE 14

Stomatal movement in relation to infection. The cucumber leaves used in the
experiment were of the same age and on similar plants. So far as possible, conditions

of inoculation were similar except that leaf a was inoculated with Bacterium lachry-

mans at 9.15 a. m. and leaf b at 6 p. m.



PLATE IS

A.—Overwintering on seed: Natural infections on cotyledons of seedling grown in

steamed sand from commercial seed which had been kept in storage for seven

months after harvesting. Experiment of March 3, 1917. Enlarged about i^ times.

B.—Picker dissemination. Infection resulting from inoculation of a cucumber
leaf at 7.30 a. m. by rubbing with the hand immediately after touching diseased

exudate-bearing leaves.

C.—Dissemination by rain. The older leaves in the center of the row were badly

infected during a rainy period. Young leaves on the sides of the row which developed

during a rainless period are comparatively free from the disease. Photographed by
Mr. W. W. Gilbert.
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PLATE i6

A.—Seedling infection, resulting from seed inoculation with Bacterium lachrymans.

Seeds were wet with a pure culture of the angular-leafspot organism and planted in

sterilized soil. Note location of cotyledon infections. Photographed 14 days after

planting.

B.—Cucumber fruit showing small, watersoaked, circular spots with white centers

resulting from natural infections with angular-leafspot.
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INTRODUCTION

Ever since the discovery of biologic forms of Puccinia graminis Pers.

by Eriksson (5)
^ there has been much speculation as to the degree of

fixity of these forms. Eriksson (6, p. 657) expresses the opinion that, on

account of host and climatic influences, the forms may gradually change.

His conception of a biologic form is that it is the result of an adapta-

tional tendency. Magnus {13, p. 366) seemed to be of the opinion that

biologic forms are the result of association with the particular host plants

which they attack. Dietel (4) and others held essentially similar views.

In general these assumptions have been considered reasonable.

Ward {22, 23), as a result of exhaustive investigation of the brown rust

of bromes Puccinia dispersa Erikss., concluded that biologic forms of

this rust could be changed parasitically by association with the proper

host plants. He found that, whereas it was often impossible to transfer

the rust directly from one species of Bromus to another species, this

result could sometimes be accomplished by infecting a third species on

which the rust acquired the capability of infecting the normally immune

species. Such species he designated bridging species. His opinion

appears to have been that taxonomic relationships among the species of

Bromus were the determining factor. If, for example, the rust on a

given species. A, could not be transferred directly to another species, C,

it might be transferred to B, intermediate taxonomically between A and

C. The species B then changed the rust sufficiently to enable it to infect

C. Having once established itself on C, it was thenceforth capable of

' On leave.

2 Published, with the approval of the Director, as Paper 127 of the Journal series of the Minnesota Agri-

cultural Experiment Station.

' Reference is made by number (italic) to " Literature cited," p. 250-251.
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infecting it easily. Freeman {8) did similar work and came to the same

conclusions. No attempt has yet been made to repeat the work of these

investigators, but the writers have observed that some species of Bromus

are hosts for most biologic forms of P. graminis. Bromus tectorum, for

instance, can be infected by all the common forms of P. graminis in the

United States. It is possible that the conditions of experimentation on

which the idea of bridging is based were not rigid enough to exclude all

possibility of working with a mixture of biologic forms. On the other

hand, it is quite possible that the brown rust of bromes with which

Ward and Freeman worked was an unstable, easily changed form.

Salmon (16) added considerable evidence to the concept of the efficacy

of bridging hosts in widening the host range of biologic forms by his

experiments with Erysiphe graminis DC. on various species of Bromus.

Freeman and Johnson (9) applied the principle of bridging hosts to

P. graminis. They state {p. 20) that

—

The barley stem rust enjoys the widest range of any of the biologic forms of the

cereal rusts. On the other hand, a transfer of any of the other stem rusts to barley

widens the range of that rust. We have here, then, a decided reaction of host upon

parasite, enabling the latter to adapt itself to hosts not ordinarily congenial; for

instance, W >B >0.

Johnson (u, p. 10) obtained similar results with timothy rust. He
states

—

A small number of experiments to test whether or not the timothy rust can be

transferred by means of bridging hosts to various cereals which are not successfully

infected directly from timothy were tried, and it was found that by using Avena sativa

as a bridging host the rust easily transferred to Hordeum vulgare (4 *imes in 10 trials);

and by using Festuca elaiior it transferred to Hordeum vulgare (twice in 10 trials) and

to Triticum vulgare (once in 10 trials); and by using Dactylis glomerata it transferred

to Triticum vulgare (once in 5 trials). By the use of the bridging hosts the rust im-

doubtedly could be made to transfer to many grasses on which it will not grow when

coming directly from timothy, but on which it might continue to grow after such a

transfer. That this takes place to some extent in natxu-e is very probable, and these

trials, together with recent experiments of a similar nature on the rusts of grains,

throw much light on the possible origin of many of the so-called "physiological

species" of rust.

Pole Evans (7) stated that hybrid wheats could also act as bridging

hosts, enabling P. graminis to infect the susceptible parent more vigor-

ously and even to attack the highly resistant or almost immune parent.

Bififen (2), however, obtained no evidence of such remarkable changes.

Arthur {i, p. 22J-228) cited evidence to show that barberry (Berberis

spp.) may also act as a bridging host, enabling "racial strains" of Puc-

cinia poculiformis (Jacq.) Wettst. (=P. graminis Pers.) to increase

their range of infection capabilities. Bolley and Pritchard (j) and others

attributed to barberry a " reinvigorating function " for the rust, although

not necessarily a bridging function.
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On account of the weight of the above-cited evidence the role of bridg-

ing hosts in breaking down biologic-form specialization has been given
fairly general credence.

But Eriksson (5), Jaczewski (/o), Freeman and Johnson (9) and Stak-

man {18) could detect no clearly appreciable influence of barberry on the

parasitism of biologic forms of stemrust. Stakman {18), Stakman and
Jensen (19), and Stakman and Piemeisel {20), in rather limited experi-

ments, could not duplicate the results of Freeman and Johnson with P.

graminis nor those of Johnson with P. graminis phleipratensis ( = P.

phleipratensis) . Stakman (18), however, obtained results indicating that

possibly changing the host metabolism by the use of anesthetics and fer-

tilizers might increase the parasitic capabilities of the rust slightly, thus
giving some support to the work of previous investigators (12, 14, 15, ij)

along similar lines.

On account of the undoubted theoretical and practical importance of

the problem it seemed desirable to make extensive experiments with a

number of forms of rust from different hosts from different regions.

Work was therefore begun in the summer of 1914 and continued unin-

terruptedly since that time.

Although there was already considerable evidence on the question of

the effect of barberry on the rusts, it seemed desirable to do still further

work. An attempt was therefore made to determine the possible role of

barberry as a bridging host and also to determine its possible effect as a
reinvigorator of the rust.

Material was obtained from as many different sources as possible for

the work with cereals and grasses as intermediaries or bridging hosts.

While much of the work with so many different strains might appear to

be superfluous, nevertheless there has been some idea that strains of the

same biologic form might differ somewhat parasitically. Naturally,

therefore, it would be desirable to get data on as many different strains as

possible.

Most of the work was done with the tritici and secalis forms because

they are the most important economically in the spring-wheat States and
because theoretically it seems probable that bridging should take place

with these two forms on account of the close similarity of the rusts to each

other in many respects. It has already been pointed out by the writers

{21) that the tritici and secalis forms have many hosts in common.
Thus, barley, various species of Elymus, Hystrix, Hordeum, and Agro-

pyron are about equally congenial hosts for both rust forms. It would

seem that if the idea of bridging is well founded, and if the host plants

actually do exert a distinct and permanent effect on the rusts, these com-
mon hosts ought to unify rust strains which are grown on them.

Barley {Hordeum spp.) was used more than any of the other forms in

attempted bridging on account of the fact that Freeman and Johnson
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(9) found that it exerted such a pronounced ei^fect on the rust, enabling

any biologic form to increase its host range. The grasses were also used

to a considerable extent, because both biologic forms of the rusts men-

tioned are so often found associated on them in the field. If rust changes

rapidly, therefore, as a result of host influence, it would seem that the

wheat stemrust and rye stemrust, growing on any one of these hosts for

a number of urediniospore generations in the field, ought gradually to

acquire the same parasitic capabilities.

The Agropyrons are especially interesting because the tritici form is

able to attack some of them virulently {A. tenerum and A. smithii),

while it can attack others, such as Agropyron repens, weakly or not at all.

Here, then, there should be an opportunity to test the theory that tax-

onomic relationship determines the ability of the rust to pass from one

host plant to another. If the stemrust of wheat {Triticum spp.)

can not be transferred directly to A. repens, but can be developed nor-

mally on A. tenerum which is obviously more closely related to A. repens

than to wheat, theoretically the rust should be able to pass from wheat

to A. repens after it had first been transferred to A. tenerum or some other

species of Agropyron closely related to A . repens.

Another problem is presented when a biologic form can attack a host

plant weakly. If the theory of bridging hosts is a fact, certainly the rust

must be easily changed by the host plants. Assuming, then, that in-

dividual plants of a given species vary in their susceptibility to the rust,

it ought to be possible to increase the virulence of the rust on that par-

ticular host plant by successive inoculations with spores from the most

vigorous uredinia. Or it ought even to be possible to increase the viru-

lence of the rust by constant association with the uncongenial host.

Rye is especially favorable for study in this respect. Individual rye

plants vary very greatly in their susceptibility to P. graminis tritici.

Some are entirely immune, others are almost immune, others are mod-

erately susceptible, and still others are quite susceptible. Experiments

were made to determine whether the rust from the susceptible plants

when transferred to other rye plants could attack rye with greater viru-

lence; also, whether it was possible to increase the virulence by simply

transferring for a number of successive generations to rye. Similar con-

ditions obtain when barley is inoculated with the phleipratensis , avenae,

and agrostis strains, and experiments were made with other forms also.

As indicated in the historical summary, there seemed to be some evi-

dence that changing the metaboHsm of the host might materially affect

the parasitic capabilities of the rust. The writers therefore under-

took further experiments along this line. The results of these experi-

ments will be given in a separate paper not yet published.

If the biologic forms of P. graminis are easily changed, it seems rea-

sonable to suppose, as previous experiments seem to have demonstrated
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in a preliminary way, that this change brought about by a host plant

should be manifested, not only in the parasitic capabilities of the rust,

but also in the morphology. Extensive work was therefore done on

this phase of the problem, and the results will be presented in a separate

paper.
EXPERIMENTAL METHODS

The methods used in inoculating and incubating the plants were

similar to those described by Stakman and Piemeisel {21, p. 4^1-4^2).

On account of the fact that conclusions would be difficult to draw unless

the experimental methods excluded to the greatest extent possible

accidental infection, the utmost precautions were taken to prevent

accidental infection. This is rather difficult when working under the

conditions necessary in such an investigation. Unfortunately the

pure-culture methods of bacteriology and mycology can not be success-

fully employed for rusts. However, it is possible to reduce the number

of accidental infections to a very small minimum.

The seedling plants used in the experiments were grown under cages

made of two layers of fine-mesh muslin separated by a dead-air space

about an inch wide. Immediately after inoculation they were placed

under bell jars, and as soon as the incubation period was over they were

again placed under cages similar to those under which the seedling

plants were grown.

Every precaution was taken to prevent infection from the outside

by air-borne spores and to destroy all infected material as soon as

possible. When accidental infection did take place, it could practically

always be determined with certainty, although in a few cases it was not

possible to do this. When, for instance, a leaf of wheat, as very rarely

indeed happened, developed a normal rust uredinium as a result of

inoculations with P. graminis secalis from rye, and when the spores in

the uredinium morphologically and parasitically were in every way
typical of P. graminis tritici spores, it seemed more reasonable to assume

that accidental infection had taken place than to assume that bridging

had occurred or that the rust had mutated. This conservatism in

interpreting results seemed to be especially necessary when such a

tremendous preponderance of evidence accumulated showing that

bridging and mutations did not occur.

It was soon found also that the greatest precaution was necessary in

being absolutely certain that the biologic form in use in a given experi-

ment was absolutely pure before the results could be clearly interpreted.

In making inoculations from barley and rye and many grasses from the

field, both the tritici and secalis forms develop quite often. It is possible

to inoculate all of the cereals and to obtain results which seem to show

that only one biologic form is present, then to inoculate one of the

common hosts for both forms, and then to find that a very small amount
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of the other biologic form had been present on the original material,

but was only given an opportunity to develop as a result of one or more

transfers to the common host.

In experiments covering only a short period of time and with a small

number of forms it might easily be concluded that bridging had occurred.

The danger of drawing such conclusions, however, is clearly shown in

diagrams i to 4, inclusive. Many cases of apparent bridging were seen,

but in every case, with possibly one or two exceptions, it could be shown

conclusively that this was due to the fact that more than one biologic

form had been used.

The cereals used were the following, unless otherwise specified: Oats,

Improved Ligowa (Minnesota 281); barley, Manchuria (Minnesota

105); wheat, Haynes Bluestem (Minnesota 169); rye, Swedish (Minne-

sota 2). Most of the grass seeds used were obtained by or through the

Minnesota Seed Laboratory.

KEY TO TABLES I AND II AND DIAGRAMS I TO ID

The results of experiments to determine the effect of bridging hosts on the para-

sitism of the rust forms are given in Tables I and II and diagrams i to 10. The results

of inoculations are usually given in the form of a fraction, the denominator indicating

the total number of leaves inoculated and the numerator the number which developed

uredinia. Whenever the precience of flecks is indicated, the number of leaves flecked

is given after the semicolon following the fraction. T ».o types of diagrams are used

—

complete and condensed. Wheat, oats, barley, and rye are designated as W, O, B,

and R, respectively. The names of the grasses are either written out in full or the

key to the abbreviations is given in connection with each diagram. The sequence of

transfers is indicated by dashes, proceeding from left to right. All of the plants indi-

cated in the same vertical line after a dash were inoculated with the rust from the

host immediately preceding the dash. Not all of the inoculations are indicated, since

this would require altogether too much space. The essential ones, however, are

indicated in the so-called complete diagrams, while summaries only are given in the

condensed diagrams.

In the condensed diagrams the small number immediately following the symbol
for cereal hosts or the names of the grass hosts indicates the number of urediniospore

generations on that particular host. The fraction in parentheses indicates the result

of inoculations which have been made during that period. The denominator gives

the total number of plants inoculated and the numerator the number which became
infected. The number of sets of inoculations is not indicated. Usually, although

not always, the immtme or highly resistant host was inoculated each urediniospore

generation. For instance, "R2—B4

—

Elymus canadensis^" indicates that two suc-

cessive transfers had been made to rye followed by foiu" successive transfers to barley

and five to Elymus canadensis. These are spoken of as lu^ediniospore generations.

The transfers were usually made at intervals of approximately two weeks, so that

each urediniospore generation represents about tliat length of time. " R2 (wheat— )

—

B4 (wheat — )

—

Elymus canadensis^ (wheat — )" means that during the two genera-
^5 35

tions on rye 50 leaves of wheat were inoculated, none of which became infected.

One of the inoculations was probably made the first generation and the other the

second generation. The rust was then transferred to barley and kept there for four
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generations, during which 25 leaves of wheat were inoculated, none of which became
infected. Usually this includes trials from most of the generations. The rust was
then kept on Elymus canadensis for five generations, during which 35 leaves of wheat

"Ro—B4 (wheat — )" would indi-
30

were inoculated without producing infection

cate that from the rust on barley 30 leaves of wheat had been inoctilated, but none had
been inoculated directly from rye.

When "strains' ' of rust are spoken of, the word is used in the sense of a biologic form
with a certain history without any imputation that it is in any way different from a
normal form.

The terms "intermediary host" and "bridging host" or "bridging species" are

used in the theoretical sense—that is, hosts which apparently ought to cause bridging

are spoken of as bridging hosts without any suggestion that they actually do cause

bridging. The term "common host" is sometimes used. This means a plant which
is a host for the biologic forms under discussion at that particular time.

EXPERIMENTS WITH BARBERRY AS A BRIDGING HOST

To test the ability of barberry to break down biologic forms and its

capacity for " reinvigorating " the rust parasite, inoculation experiments

were carried on during four aecial seasons. The teliospores were obtained

from wheat, club wheat, oats and a few grasses. The common barberry

(Berberis vulgaris) was used as the aecial host, and the geciospores pro-

duced were used for inoculating wheat, oats, barley, and rye. Four

biologic forms of P. graminis—viz, tritici, ,.,;iici-compacti, avenae, and

secalis were studied and ^b.o. results obtained are given in Table I.

Table I.

—

Results of inoculating cereals with ceciospores of biologic forms of Puccinia
graminis
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Table I.

—

Results of inoculating cereals with ceciospores of biologic forms of Puccinia
graminis—Continued
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a possible bridging host for P. graminis avenae. Special care was taken

to isolate the biologic forms whenever they were mixed, in order to

avoid conflicting results and erroneous conclusions. The results of this

phase of the work which extended for a period of over three years are

given in diagrams i to 10 and in Table II.

It might have been concluded from the results shown in diagram i that

barley acted as a bridge between Agropyron repens and w^heat. It is

shown quite clearly, however, by subsequent inoculations that it did not.

The rust on the original quack-grass no doubt was mostly of the secalis

form. It had probably been contaminated slightly in the field with some

of the tritici form. Since there was only a small amount of the latter

form, none developed on the wheat in the original inoculations. A very

small amount developed on rye and more developed on barley. There-

fore, when inoculations were made with the rust from barley, both the

tritici and secalis forms were present, but they were separated in the third

set of inoculations. A more complicated condition is shown in diagram 2.

Diagram i.—Results of inoculations with Puccinia graminis from Agropyron repens

showing apparent bridging before biologic forms were isolated.

W-L
28

Puccinia graminis from Agropyron repens, St. Paul, Minn.,
June 22, 1915.

w-

. I

'

Agropyron repens—

September 19, 1915.

ISmalluredinia; P. graminis tritici.
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In diagram 2 both wheat and rye became infected when inoculated

with the rust from Hordeum juhatum. The rust developed on wheat

proved to be a pure Strain of tritici. That developed on rye, however,

consisted of both the tritici and secalis forms. Very clearly the original

rust on Hordeum jubatum was a mixture of the tritici and secalis forms.

The tritici form was isolated in pure form by transferring to wheat on

which the secalis form did not develop. But the first generation of the

rust on rye was still mixed, since tritici develops weakly on rye. Appar-

ently the second generation of the rust on rye was pure secalis, since it

did not develop on wheat, the leaves of which, however, died young.

But, after having passed four generations on barley, the rust infected

wheat normally and infected rye only weakly. This clearly looked like

bridging. The more probable explanation, however, is that .both the

secalis and tritici forms again developed the second generation on rye.

Since the wheat plants died young, the negative results recorded are not

significant.

In the subsequent inoculations both secalis and tritici probably devel-

oped on barley, since a high percentage of inoculated leaves of Agropyron

repens became infected. The secalis form, however, was eventually lost.

This may have happened in two ways. The tritici form may have

developed more rapidly than the secalis; or material from the leaves

infected with secalis may not have been used in making inoculations

It is quite probable that if rye had been inoculated earlier both forms

would have been isolated.

From the R^—^W^ material both biologic forms were isolated. This

was puzzling at first, because wheat is not a host for the secalis form.

The only plausible explanation seemed to be that spores of both biologic

forms were placed on the wheat during inoculation and not all germinated

in the moist chamber. A few viable secalis spores therefore remained

on the wheat, and when these were transferred to rye, they germinated,

causing infection. In order to ascertain whether this was possible,

wheat was inoculated with the secalis form, kept in a moist chamber for

48 hours, and then kept on a greenhouse bench for about 10 days. No
rust developed, but the inoculum was scraped from the leaves and used

to inoculate rye plants. Infection resulted on a relatively large number

of leaves, showing that the theoretical explanation advanced above was

probably correct. These facts show that extreme caution is necessary

in drawing conclusions when dealing with mixed forms of rust.

The most convincing proof that the rust forms, after isolation in pure

form, could not be changed by host influences is furnished by the subse-

quent history given in diagram 2. The tritici form did not acquire new

parasitic ability on account of its association with barley; nor did it

increase in virulence on rye as a result of successive transfers. It will be

noted that repeated unsuccessful attempts were made to develop a
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The original rust was mixed here (diagram 4) also, and only after six

successive sets of inoculations had been made were the tritici and secalis

forms finally separated. Neither barley nor Agropyron tenerum acted as

bridging hosts for the tritici form. The secalis form likewise remained

fixed and did not acquire the ability to attack wheat after growing on
either barley or Agropyron tenerum.

Diagram 5 (condensed).

—

Results of inoculations made with Puccinia graminis secalis

from Hystrix patula.

Puccinia graminis secalis

from Hystrix patula, St.
Paul, Minn., Septem-
ber 2, 1915.

R2—B4— (W:^)—Rr- (W- ) / .

/ o\ At9—IWx-)
—Br- [W - j —An—Bi-Ev3- ^ ^^Z

At4—B22—
V 104/

Ar=A gropyron repens.
AX= Agropyron tenerum.

At4—Hj

September 17, 1917.

Hj= Hordeum jubatum.
Ev= Elymus virginicus.

^^(^75)

The strain of P. graminis secalis from Hystrix patula was somewhat
different from normal secalis strains (diagram 5). It was not as virulent

on barley and rye, and the spores were somewhat smaller. Attempts

were made to induce the rust to attack wheat by growing it on barley,

Elymus virginicus, Agropyron tenerum,, and Hordeum, jubatum. None,

however, acted as a bridge. The rust was kept for over two years,

during which 18 sets of inoculations were made on wheat; but none of

the 305 inoculated leaves became infected, except in one case, which was
quite evidently an accidental infection with P. graminis tritici. How-
ever, the rust did not act normally and may have been a different biologic

form. Some of the results were difficult to explain, and more work will

probably be done with it.
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This strain of P. graminis secalis was obtained (diagram 6) from
Agropyron repens at St. Paul, Minn., on October 15, 1914, and was kept
until October 15, 191 7. It was confined to intermediary hosts for three

years, during which time about 60 different sets of inoculations were made
on wheat. About i ,800 leaves were inoculated, some of which are not re-

corded in diagram 6, and only six became infected. There is strong reason

to suspect that these were accidentally infected with the tritici form, all

occurring during the earlier period of work. Barley, Elymus rohustus,

E. canadensis, E. virginicus, Agropyron tenerum, and Hordeum juhatum
were all used as intermediary or bridging hosts, but none of them enabled

the rust to transfer to wheat, which remained practically immune
throughout the entire period. Flecks very seldom developed. Since

these hosts, which ought to act as bridging hosts, if any hosts act in this

manner, did not enable the rust to transfer to wheat after three years of

continuous culture, it seems quite improbable that such a change would
take place quickly in nature.

In Table II a number of miscellaneous experiments are included.

The most conclusive is No. i, in which the secalis strain was kept
continuously on barley for 16 successive urediniospore generations,

covering a period of eight months. During this time 1 1 sets of inocula-

tions were made on wheat, but none of the 264 leaves inoculated became
infected, except one, which was very clearly shown to be accidental.

In all of the other trials with the other strains of rust no infection what-

ever resulted on the wheat. It is quite clear, then, that under the con-

ditions of these experiments neither barley nor Elymus rohustus enabled

the rust to bridge over to the normally immune wheat. This result could

hardly be expected, because if such changes did take place in nature the bi-

ologic forms isolated from these hosts could not be as uniform as they are.

The last two experiments (No. 6 and 7), on the other hand, show the

inability of barley to serve as a bridging host for the tritici strain, or to

induce this rust to infect rye more vigorously than it ordinarily does.

Table II.

—

Results of attempts to transfer Puccinia graminis secalis to wheat and
P. graminis tritici to rye by using barley and Elyinus robustus as intermediary hosts

No.
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The rust from the Hordeum jubatum in this series (diagram 7) consisted

originally of both the tritici and secalis forms. However, they were easily

separated and remained fixed after separation. The secalis strain was
kept only for a short time, since it proved to be an ordinary strain

which failed to attack wheat either when transferred directly from rye

or after having been transferred to barley. The tritici strain, however,

was kept for some time in the expectation that it might be induced to

attack rye more vigorously. Barley was used almost exclusively as a
bridging host, but it is perfectly clear that it did not enable the rust

to attack rye any more vigorously than the rust taken directly from
wheat. Neither did it acquire the power to attack Agropyron repens,

Dactylis glomerata, oats, or Phleum pratense any more readily than the

rust taken directly from the wheat. It should be remembered that rye

and Agropyron repens can often be attacked weakly by the tritici form,

while oats and Dactylis glomerata are very rarely attacked, and timothy

has so far proved entirely immune. One attempt was made to use

Bromus tectorum as a bridging host, but it did not enable the rust to

transfer to rye. In fact, no uredinia were developed, only a few strong

flecks.

78776°— 18 2
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The strain of tritici used for the inoculations represented in diagram 8

was originally obtained from Agropyron tenerum at Valley City, N. Dak.
It was one of the most vigorous tritici strains which has been obtained,

but it was incapable of attacking rye, Agropyron repens, or oats with
any degree of success, after having been kept on barley for a number of

generations. The rust transferred readily to Bromus tectorum and was
transferred from this host again to Bromus tectorum and B. hordeaceus,

but it acquired no new power as a result of its sojourn on B. tectorum.

Elymus virginicus was used in an attempt to get the rust to transfer to

Agropyron repens but without success, only one small uredinium develop-

ing on one of the 31 inoculated leaves. Agropyron smithii, which is a

congenial host, was inoculated and transfers then made to Agropyron

repens in order to further test the taxonomic relationship theory. The
results, however, were disappointing. Successive transfers were made to

rye with urediniospores from a large uredinium which developed in one

set of inoculations, but the rust died after three successive inoculations

had been made.
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The tritici strain used in this series of inoculations (diagram 9) was
isolated originally from Hordeum jubatum at St. Paul, Minn., on Septem-

ber 29, 1914, and was kept in uredinial culture until June 15, 1917.

Barley, Elymus canadensis, Bromus tectorum, and Hordeum jubatum

were all used as intermediary hosts, but none of them enabled the rust

to do anything which it could not do at the begirming of the experiment.

The results of inoculations with the rust developed on Bromus tectorum

are particularly interesting, since this grass is a host for the six common
biologic forms of P. graminis in the United States. Theoretically when
the triticiiorm was transferred to it, since it is a congenial host also for

the secalis and avenae strains, it should have transferred to rye and oats.

However, it did not.

Diagram 10.—Results of inoculations with Puccinia graminis avenae from Dactylis
glomerata.

36

Puccinia graminis avenae from Dactylis
glomerata, St. Paul, Minn., Aug. 22, 1914.

Brotnus tectorum
67

Bromus tectorum.

Bromus hordeaceus -

Oi—Bromus tectorum —

—

' Minute uredinia.

Bromus erectus—^

June 14, 1917.

The avenae strain represented in diagram lo was isolated originally

from Dactylis glomerata at St. Paul, Minn. It has been kept on oats for

about three years. A large number of inoculations were made on various

hosts during that time, but it has never performed differently from the

rust on Dactylis glomerata. Bromus tectorum was used as a bridge in

attempts to induce the rust to pass more readily to barley and rye,

since it is a host for both the tritici and secalis forms as well as for the

avenae form, but it is clear that it did not do this. The uredinia developed

on barley were minute, and the percentage of infection was no greater

than that which is obtained from transfers made directly from oats or

any other host for the awwae form, a large number of which have been tried.

EXPERIMENTS ON THE ADAPTION OF BIOLOGIC FORMS TO SEMI-

CONGENIAL HOSTS

In order to determine whether or not biologic forms are capable of

adapting themselves to semicongenial hosts through constant associa-

tion, many attempts were made to increase the virulence of the rusts on

these hosts by means of continuous, successive transfers. The biologic

forms of P. graminis tritici, P. graminis avenae, P. graminis phleipra-

tensis, and P. graminis agrostis were studied and the results are given in

Tables III to VI, inclusive.
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Table III.

—

Results of successive transfers of Puccinia graminis tritici from various
sources to rye

Original host. Place of collection.
Previous history of

rust. Result.

Agropyron coninum.

Agropyron cristatum

Agropyron tenerum. .

Do.

Do.

Elymus macounii.

Hordeum jubatum.

Do

Do

Do

Do

Do

Do

Do

Do

Do

Hordeum vulgare. .

.

Do

Do.

Do.

Emerson, Manitoba

St. Paul, Minn

Valley City, N. Dak

do

Emerson, Manitoba

Glasgow, Mont

....do

Crookston, Minn. . .

.

Winnipeg, Manitoba

Two Harbors, Minn

.

Grand Rapids, Minn,

Minot, N. Dak

Cut Bank, Mont

Williston, N. Dak...

Emerson, Manitoba.

Moorehead, Minn. .

do

....do

....do

St. Paul, Minn

...do

....do

...do

Wi

B<-W2— Ba

Bs

B16

Wi

wi :

Wi

Wi

Wi

W2

Wi

Wi

Wi

Wi

Wi

R2-B4-Ri-Wi

R2-B4-R1-W2-B1.

R2-B4-R1-W2-B4.

R2-B4-R1-W2-B8.

R^; lo-R^; 2-R-?-; .-R^
38 9 13 2

Ri-_R-i_R^_R°; ±_r£

7-R--R--R^

R
2̂3

M
R—

2S

s-R^: S-R7; 2-R-
10 5 3

X3-R-; 7-R-:

6-R-; s-R-
27 2

4_R.i-; 2_R^
7 2

ii-R— ; i9-R-:8-R R-
SI 10 9 I

R^;37-R^:28-R-;ii-R—;4-R-
46 43 20 17 ^ 3

i^' S-R-: 8-R^
20 II 3

e-R**

W9..

Wio.

R-^
31

31

i-R-

4-R7

3

6-R— ; lo-R— ; 3
31 13

i-R--R-;i-R^
5 4 S

ii-R—
5

R—-R^-R— R-
14 II 3 1

7 ^7.

Ril_Rl2_Ri-:4_R_s_RjL.,_R£
33 20 II 24 s s

9-R-' 2-Rf ; 3-R-

9-R— ; 9-R-' 4-R-
22 10 3

R^; 17-R-: 12-R-

R-; 4-R-
13 4

R--R-
7 3

ix= Long-time association with host; number of urediniospore generations indefinite.
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In Table III the results of a large number of attempts to increase the

virulence of the tritici strain on rye by means of constant association

with this host are given. It will be noticed that the rust was obtained

from a number of different sources and from a number of different

localities. The experiments covered a period of about three years.

Whenever normal infection occurred on a rye plant the rust was trans-

ferred to other rye plants in the hope that it might prove to be a mutation

or a tendency toward the differentiation of a strain of tritici capable of

infecting rye normally. It will be seen, however, that this was not

accompHshed. The rust invariably gradually died out. Sometimes it

seemed to increase in virulence as a result of successive transfers, often

due to the abundance of infective material. At other times it apparently

increased in virulence, owing merely to a change in experimental con-

ditions. In several trials the rust had previously been on intermediary

hosts for a number of generations, but this made no difference in the

results. It so happened that some of the best results were obtained

when the rust was taken directly from wheat. It was never possible

to keep the rust on rye more than six generations. It simply became

unthrifty and eventually failed to produce any uredinia, although

excellent conditions for infection and subsequent development of rust

were maintained.

Table IV.

—

Results of attempts to increase the virulence of Puccinia graminis avenae

by successive transfers to uncongenial hosts

No.
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Table V.

—

Results of successive transfers of Puccinia graminis phkipratensis to barley

and oats

No.

(Festuca ela-

\ tior.

Original host.

Do.

Do.

{Festuca pra-

\ tensis.

(Phleumpra-
\ tense.

Do.

Do.

D ac ty li

s

^
glomerata.

Do

Do.

Place of collec-

tion.

Sheridan
Wyo.

....do

JBellingham,
\ Wash.

Pullman,
Wash.

.do.

/Ellensburg,
1 Wash.

/Crawford,
\ Nebr.

St. Paul,
Minn.

.do.

.do.

Previous
history
of rust.

>None . . . .

..do

..do

}..do

..do

|..do

|..do

jPhpre...

Noiie

.do.

26 ^ 18 2

B-; 16-B-; 5
25 5

^

14 16 s „ I „i o0--0- -O- -O- -O O-
31 17 13 23 9 14

14 9 „ o ^ o
B— -Br;; i-B-^-B-; i
20 14 3

7 7 T I I 1 o
B- -B- ;

5-B-; 4-B—B^ -B— B-
ix 12'^ g'^ ? 6 1 I

^10 ^oB—-B— ; 2
31 20'

b1-°-B^;4-B^
44 23' '^

4

13 14 8 I

^14 ^10 ^ o ^2 ^oo— -o-;-o- -0^-0-
53 20 20 16 2

6 "? 4 8 o

12 16 7 8 5

Ph pT= Phleutn pratense.

In Table V the results of attempts to build up Puccinia graminis

phkipratensis from various sources on barley and oats are given. It is

possible to maintain the rust for considerable periods of time, both on

oats and barley, but the writers have never been able to keep it

indefinitely. The number of uredinia became smaller, usually with

each successive transfer, and the individual uredinia quite often decreased

in size. Eventually so few spores are produced that only one or two

leaves can be inoculated and these then fail to become infected.
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Table VI.—Results of successive transfers of Puccinia graminis agrosiis to barley, oats,

and rye

No.
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Barley, which Freeman and Johnson (9) found to increase the range

of parasitism of biologic forms has not been found to do this in the

writers' experience. Attempts to induce bridging by means of this

form have been made continuously for almost four years, and during

all of that time no evidence whatever has been obtained that this host

is able to change biologic forms. It is true that barley, as well as a

number of the grasses, serves as a meeting point for a number of biologic

forms and theoretically it seems as though it ought to change their

parasitic capabilities. It also appears as though, if all of the common
biologic forms of P. graminis could be kept on barley for a long period

of time, they ought eventually to become practically uniform.

Although it is possible that rusts may change and new biologic forms

may develop, it seems more probable that the change is either a very

gradual one, extending over long periods of time, or that they change

by mutation. No evidence of mutation, however, was obtained in the

present investigation. The difference may be one of evolution as com-

pared with experimentally induced change. For practical purposes,

however, it seems perfectly safe to say that no certain and marked

changes in biologic forms need be expected as a result of growing on

bridging hosts; nor does it seem probable that biologic forms are able

to gradually adapt themselves to semicongenial hosts by constant

association with those hosts. The writers unsuccessfully tried to get

evidence of such adaptation. Hybridization may possibly account for

some unexplained phenomena and deserves investigation.

It still seems probable that rusts may change as a result of selecting

strains from a given biologic form. While there is no positive evidence

for this, it seems reasonable that biologic forms may be somewhat

analogous to pure lines in genetics and that some forms may possibly be

composite from which it is possible to isolate the component pure lines.

"

This last supposition is theoretical only, and is prompted by a study of

the avenae, phleipratensis, and agrostis forms. These are similar para-

sitically and the avenae form is variable morphologically, containing

spores which after being isolated could be interpreted as being agrostis

spores and others which might be determined as being phleipratensis

spores. It is possible, although the experiments do not support the

idea strongly, that a number of pure lines might be isolated from the

avenae strain if extensive attempts were made.

Recently evidence has accumulated which seems to show that some of

the apparent bridging obtained by previous investigators may have

been due to the fact that several very closely related biologic forms may

have been used in the experiments. The discovery of the differential

hosts for these biologic forms is largely a matter of accident and the

writers are of the opinion that all existing forms of P. graminis have not

yet been discovered. The fact that several distinct biologic forms which

attack various wheats are now known, is especially suggestive. A few

varieties of wheat are differential hosts for these forms. Other closely

related forms may exist and unless the investigator is lucky in stumbling
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onto them, all sorts of puzzling results may be obtained and erroneous

conclusions may be drawn.

Biologic forms must have originated in some way and the forces which
induced their origin may still be operative but it seems probable that

these forces operate so slowly that they do not affect the practical prob-

lems of controlling rusts of economic importance. It is highly important,

however, that the geographic distribution of biologic forms be ascer-

tained and their relation to the varieties grown or bred for those regions

be intensively studied. When this has been done many of the appar-

ently strange and inexplicable phenomena of rapid change in rust resist-

ance will undoubtedly be explained.

SUMMARY

(i) Barberry does not increase the host range of biologic forms; nor

does it act as a reinvigorator of the rust. The biologic specialization in

the aecial stage is apparently the same as that in the uredinial sta,ge.

(2) Differential hosts must be used to isolate biologic forms from
mixtures before conclusive experiments can be made with bridging hosts.

(3) In experiments with a small number of biologic forms and extend-

ing over a short period of time there is danger of erroneously concluding

that bridging has occurred.

(4) Many hosts equally susceptible to P. graminis secalis and P.

graminis tritici were used as bridging hosts in attempts to change the

parasitism of the two forms. Barley, various species of Elymus, Agro-

pyron, Hordeum, and Bromus were used most.

(5) Pv€cinia graminis secalis, which does not attack wheat, but does

infect barley readily was cultured on barley and other theoretical bridg-

ing hosts continuously for three years during which time more than

2,000 wheat plants were inoculated. The rust acquired no new parasitic

capability on account of its association with barley.

(6) Puccinia graminis tritici attacks wheat readily, but can attack rye

only weakly. Barley is easily attacked. The rust was confined to

barley for about 32 months but it never acquired the power of attacking

rye more readily than rust taken directly from wheat.

(7) Several species of Elymus, Agropyron, Hordeum, and Bromus
were used as bridging hosts for both the secalis and tritici forms ; but no

bridging resulted.

(8) Attempts to change the parasitism of P. graminis avenae by means
of bridging hosts were also unsuccessful.

(9) The taxonomic relationship theory of bridging was tried. If plant

C can not be attacked by the rust from a taxonoraically distant host plant

A, it can not be attacked after the rust has been grown on a form B inter-

mediate taxonomically between A and C.

(10) No one so-called bridging host nor any combination of such hosts

enabled any biologic form tried to infect naturally immune plants nor to

infect a highly resistant plant more readily.
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(11) Many attempts were made to increase the virulence of biologic

forms on resistant hosts by successive transfers to these hosts. P. gra-

minis triciti, P. graminis avenae, P. graminis phleipratensis , and P. gra-

minis agrostis were used. The results indicated that rust forms do not

gradually adapt themselves to resistant or semicongenial hosts.

(12) Biologic forms seem to be roughly analogous to pure lines. Plus

and minus fiucutations may occur, but there is always a tendency to re-

turn to normal.

(13) It is possible but not demonstrated that some biologic forms may

be mixtures from which "pure lines " can be isolated. P. graminis avenae

is a possibility.

(14) The facts given in this paper do not support the conclusions of

previous workers that the pathogenicity of biologic forms is easily

changed by host influence.

(15) From the practical standpoint the constancy of biologic forms is

of great importance. Breeding for rust resistance can proceed with con-

siderable assurance that the same rust will not adapt itself quickly to new

varieties.

(16) Biologic forms may have arisen either by mutations or by gradual

process of evolution. These processes may be operative yet, but the

writers have not been able to detect any mutation nor to induce percepti-

ble evolutionary changes experimentally. The possible role of hybridiza-

tion will be investigated.
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PLATE 17

A, B.

—

Puccinia graminis tritici from Hordeum jubatum (Moorhead, Minn.) on rye

after having previously spent 2 urediniospore generations on rye, 4 on barley, i on

rye, 2 on wheat, and 5 more on barley. Twenty-one out of thirty-two blades inocu-

lated became infected; the uredinia produced were very small and siurounded by
hypersensitive areas.

C.

—

Puccinia graminis tritici from Hordeum jubatum, originally from Moorhead,

Minn., but with subsequent history of R2—B4—Rj—Wg—Bg—Rj. (See fig. A.):

Normal infection on wheat.

(250)
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PLATE i8

A.

—

Puccinia graminis tritici from Hordeum jubatum, originally from Moorhead,

Minn., but with subsequent history of Rj—B4—Rj—Wj—B5—Rj: Small uredinia

and sharp flecks on rye.

B, C.

—

Piiccinia graminis tritici on wheat. Normal development of uredinia pro-

duced by inoculating with urediniospores of the following life history: B. P. graminis

tritici (St. Paul, Minn.) B31

—

Agropyron tenerum^—A. repens,—Wj

—

A. repens^.

C. P. graminis tritici{St. Paul, Minn.) B31

—

Agropyron tenerum^—A. repens^—^Wi

—

A.

tenerum^.





EXPERIMENTS IN FIELD TECHNIC IN PLOT TESTS '

By A. C. Arny, Head of Section of Farm Crops, and H. K. Hayes, Head of Section of
Plant Breeding, Division of Agronomy and Farm Management, Department of Agri-

culture of the University of Minnesota ^

INTRODUCTION

In summarizing the replies to a circular letter sent out to Experiment
Stations in the United States and in Canada, one is impressed with the

wide variations in the size and shape of the plots and in the width of

alley between plots in variety, cultural, rotation, and fertility work.

The general size of plots varies from y|^ to yi acre and in shape from

3 to 33 feet wide and 36 to 272.25 feet long. The width of alley between
plots varies from none to 8 feet. Twenty-two Stations report the

removal of end borders from plots, and nine report no alleys, mth grain

removed to form pathway or the removal of one side border drill row
from either side of each plot.

This lack of uniformity in experimental technic in plot tests, particu-

larly with regard to alley effect, which involves shape and size of plot,

raises several questions, among which are the following:

(i) How far within plots is alley effect operative?

(2) What is the increase in yield due to alley effect?

(3) In plots surrounded by alleys, is the effect of the additional space

the same on all varieties?

Data obtained at University Farm in 191 7 from which to determine

the most desirable methods in plot variety testing and cultural trials

form the basis of this paper. Although the results are for one season

only, they appear to be sufficiently conclusive to warrant their publica-

tion. It is hoped that similar work may be done elsewhere, and the

collected data serv^e as a basis for the adoption of more uniform methods
in plot tests.

REVIEW OF LITERATURE

Montgomery (d)^ suggests two methods of obviating competition

between the larger and more rapidly growing varieties of wheat and oats

grown in 8- and lo-inch rows—namely, to plant only similar varieties

in adjacent rows and the use of block plots. The possible effect on the

' Published, -with the approval of the Director, as Paper 124 of the Journal Series of the Minnesota Agri-

cultural Experiment Station.

2 The authors wish to acknowledge their appreciation of the assistance given by Mr. R. J. Garber, Assist-

ant in Farm Crops, in compiling the data.

5 Reference is made by number to " Literature cited," p. 270.

Journal of Agricultural Research, Vol. XV, No. 4

Washington, D. C. Oct. 28, 1918

py (251) Key No. Minn.-34

78776—18 3



252 Journal of Agricultural Research voi. xv, N0.4

yields of different varieties when grown in plots surrounded by alleys is

not considered. Shape seemed to be of little importance in plots not

surrounded by alleys.

Barber (/) noted that plants in the borders of plots surrounded by

alleys were more thrifty as indicated by a greater number of culms per

plant, a longer period of growth and a higher yield of grain. Yields

obtained at the Maine Agricultural Experiment Station for individual

oat plants utilizing 36 square inches of space as compared with others

occupying 6 square inches showed that the former yielded four times as

much grain as the latter. Additional evidence of the increased yield of

plants with greater space for development is quoted from Wacker {10).

Based on the investigations of Ten Eyck (9) and Rotmistrov {8),

Barber (/) makes the estimate that plants growing in an area 6 inches

wide within the borders of plots receive benefit from the adjacent alleys.

Tables are given showing that the nearer a plot is to the form of a square,

the lower is the percentage a 6-inch strip around the border of a plot to

its total area. From this it is concluded that(j) shape as well as size of

plot must be considered in variety tests, and (2) that square plots give

more accurate results in variety testing than rectangular plots of the

same size.

Mercer and Hall (5) conclude that, based on data secured from plots

removed from large fields and therefore not surrounded by alleys, there

is practically no difference in the variability of yields obtained from

oblong and square plots of the same size.

Jardine (2, 3) mentions that the practice of renioving the outer drill

rows of field plots to eliminate alley effect is followed by the Kansas

Experiment Station.

Love and Craig (4) show that the same varieties of wheat and oats

average 36.51 per cent higher in yield when grown in plots ^^ acre in

size as compared with the yields in rod rows from which the end borders

have been removed before harvesting. The shape of the plots is not

given. Differences in stands under the two systems are mentioned.

MATERIAL AND METHODS OF EXPERIMENTATION

In the final variety tests of oats, wheat, and barley conducted on

University Farm in 191 7, each variety was replicated three times, thus

making four plots of each. The plots were 8.5 by 132 feet with 16-foot

roadways seeded to grass between each two series and 18-inch alleys

between each two plots. The 18-inch alleys represented areas not

included within the margins of the adjacent plots. Of each variety, then,

there were available for the determination of alley effect four plots made

up o! seventeen 6-inch drill rows and 1/38.82 (approximately ^) of an

acre in size. Eleven varieties of oats, five varieties of wheat, and four

varieties of barley were included in the tests.
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In the spring the plots were sown the full width of the series, which
is usually 134 feet. In order to facilitate the removal of end borders
accurately at harvest time, shortly after seeding in the spring, two galva-
nized-iron wires were stretched exactly 132 feet apart across the ends
of the plots. The distance between the wires was checked every fifth

plot along the series and the wires anchored securely. A few days before
harvest time the grain on the ends of all the plots outside of the lines

marked by the two wires was cut and discarded.

At harvest time the drill row next to the alley on either side of each
plot was removed by hand, bound and tagged separately. These are
referred to as outside border rows. The second drill rows on either side

of each plot were next removed by hand and bound and tagged separately.

These are referred to as inside border rows. The 13 remaining 6-inch

drill rows were then harv^ested with the self-binder. In harv^esting the
central 13 rows with the binder there probably was somewhat more
shattering of the grain than occurred in har\^esting the border rows by
hand.

The sizes of the different areas from which yields were determined are
summarized for convenience.

Number of 6-inch drill rows.

13

IS

17

Dimensions of areas.

6 inchesX 132 feet

6.5 feetXi32 feet.

7.5 feetXi32 feet.

8.5 feetXi32 feet.

Part of an acre.

1/660

1/50- 77
1/44
1/38. 82

The grain from the portions of the plots which were har\'ested sepa-

rately were threshed with a small machine and the yields of each com-
puted. The number of pounds of grain threshed from the central 13
rows and from the two inside border rows of each plot were then added,
and from this the yields of the plots with one border row removed from
either side of each plot were computed. The number of pounds threshed

from all parts of each plot were then totaled, and the yields for the plots

with no border rows computed.

DISTANCE WITHIN PLOTS AT WHICH PLANTS ARE SUBJECT TO
BORDER EFFECT

For the purpose of determining the distance within plots affected by
adjacent alleys, the yields of the outside border rows, the inside border

rows, and the average of the central 13 rows of four plots of each variety

of oats, wheat, and barley are available. These yields are summarized
in Table I.
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Table I.

—

Average yield, in bushels per acre, of oats, wheat, and barley harvested from
border drill rows spaced 6 inches apart removedfrom either side of plots 8.5 by 1^2 feet
andfrom, the central ij rows rem,aining after the removal of the border rows
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The results for oats, wheat, and barley indicate that in plots sur-

rounded by alleys the effect of the additional space extends to the plants

occupying areas 12 inches within the margins of the plots and possibly

farther. The higher yield of the plants in the outside border rows appears

to be due to better nutrition, as is indicated by later maturity.

EXTENT OF INCREASE IN THE YIELD OF PLOTS DUE TO ALLEY EFFECT

From the foregoing it is obvious that the extent of the increase in the

5delds of plots surrounded by alleys depends upon the relative propor-

tion of the area of the border strip occupied by plants subject to the effect

of the additional space to the total area of the plot. In Table II are sum-
marized the percentages (i) of the total areas of plots of diff'erent sizes

but of the same shape and (2) of plots of the same size, but varying in

shape contained in borders 12 inches wide (a) on two sides of plots only

and (b) on the ends and sides of plots.

Table II.

—

Relation of a i-foot border within a plot to its total area

Approximate size of

plot (fraction of acre).

1/440
1/220

1/220
l/lIO

l/llO

l/lIO

i/S5-

1/160

1/80.

1/80.

1/40.

1/40.

1/40.

1/20.

1/20.

i/io.

i/io.

Dimensions of

plot in feet.

Approxi-
mate shape

of plot.

Feet.

3^33
3X66
6X33
3X132
6X66
12X33
24X33

8- 5X33
8.5X66
17.0X33
8.5X132
17X66
34X33
17X132
34X66
34X132
68X66

i: II

1:22

1:5-5
1:44
i: II

1:2.75
i:i-375

1:4
1:8
1:2

1:16

1:4
i: I

1:8

1:2

1:4
i: I

Area of

plot.

Sq.ft.

99.0
19S. o

198. o

396. o

396.0
396. o

792. o

280.5
561.0
561.0

I, 122. O

I, 122. O

1, 122. O
2, 244. O
2, 244. O

4, 488. O

4, 488. O

Area a

of

border,
I foot
wide

on sides

of

plots
only.

Sq.ft.

64
130
64

262

130
64
64

64
130
64

262

130
64

262

130
262

130

Percent-
age of

total area
of plot in
border,
I foot

wide on
sides of

plot only.

Area Percent-
of age of

borders total area

64.65
65.66
32-32
66. 16

32-83
16. 16

8.08

22. 82

23- 17
II. 41
18.89

11-59
5-7°
11.68

5-79
5-84
2. 90

I foot
wide

on end:
and
sides
of

plots.

Sq.ft.

68

134

74
266

140
86

79
145

96
277
162

130

295
196
328
264

of plot in
border,
I foot

wide on
ends and
sides of

plot.

68.69
67.68

37-37
67. 17

35- 35
21. 72

13.89

28. 16

25-85
17. II

24. 69
14.44
11-59
13- 15

8.73
7-31
5-88

" In computing the area of a strip 12 inches on the sides of a plot only, 2 square feet, which belong to the
end borders, must be deducted from the total area in the two sides strips.

An examination of the percentages given in Table II shows that the

relation of the areas affected by the additional space afforded by alleys

to the total area of plots is dependent upon both the shape and the size

of the plots.
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Plots -4^ and y^-^j acre in size and each having a width to length ratios

of I to II have in ends and sides 68.69 ^^'^ 35-35 P^r cent, respectively,

and in the sides only 64.65 and 32.83 per cent, respectively, of their total

area in a 12-inch strip within their margins. Likewise, plots -^ acre in

size ^^'ith a ratio of i to 4 for width to length have only approximately

half as great areas in 12-inch strips within their margins as those -^^ acre

in size and of the same shape.

Increased size then in plots of the same shape reduces the area exposed

to alley effect. Increase in size of plots where shapes are widely different

may not bring about a reduction of the area in the marginal strip exposed

to alley effect. As an example of this, plots -^ acre in size and 24 by

33 feet compared with those -^ acre in size and 17 by 66 feet have, re-

spectively, 13.89 and 14.44 per cent of their total area in a 12-inch mar-

ginal strip.

As shown in Table II, plots ^^ acre in size but having width to length

ratios of i to 22 and i to 5.5 have 67.68 and 37.37 per cent, respectively,

of their total area in 12-inch marginal strips. Plots ^ acre in size with

the width to length ratios of i to 16 and i to i (approximate) have 24.69

and 11.59 per cent, respectively, of their areas in 12-inch marginal strips.

The nearer plots approach the form of a square, the lower the percentage

of their total area is exposed to border effect (z).

A consideration of the percentages given in Table II brings out the

fact that yields from the same varieties or treatments obtained under

like conditions, but from different-sized plots, surrounded by alleys are

not comparable.

If end and side border effect are similar, it should also be noted in

this connection that the removal of end borders only from plots of

several different sizes surrounded by alleys may render yields from them

still less comparable. A single example using the data included in

Table II for plots ^ acre in size, but the width to length approxi-

mately I to 16 and I to I, respectively, will suffice to make this

point clear. With no borders removed the percentage of a 12-inch

strip within the margins of the plots to the total area of each are 24.69

and 11.59, and with end borders removed, 18.89 and 5.70, respectively.

With no borders removed the percentage of the plots 8.5 by 132 feet

exposed to alley effect is approximately twice as great as for those 34

by 32 feet. When the end bo,rders are removed, these percentages are

18.89 and 5.70, respectively, the one being approximately three times

as great as the other.

In Table III are given the yields of oats, wheat, and barley grown in

plots of the same length, but varying in width. The yields for each

crop from the y^-acre plots are considerably higher than those from

the ^V-acre plots and the yields from the ^-acre plots are somewhat

higher than those from the -jijj-acre plots.
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Table III.

—

Average yields of Ligowa oats {Minnesota 281); Haynes Bluestem wheat
{Minnesota 169), and Manchuria barley {Minnesota 105), grownin plots of the same
length, but varying in width and border rows removed

Number of

plots.
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Table IV.

—

Comparison of average yield, in bushels per acre, for four one-fortieth-acre

plots {approximate size) with no border rows removed, with one border row removedfroin

either side of each plot, and with two border rows removedfrotn either side of each plotfor
II varieties of oats, 5 varieties of wheat, and 4 varieties of barley

Crop and variety.

Descriptive
note (time of

maturity
or type).

No border rows
removed.

II

One border row
removed.

•aS

Two border rows
removed.

OATS.

Victory
Minota «

Silver mine . . .

.

Banner
Lincoln
O. A. C. 72
Iowa 103
Swedish Select

.

Kherson
White Tartar .

.

O. A.C.3

Average.

.

Medium
Medium early
Medium
Medium
Medium
Medium
Early
Medium
Early
Late
Early

99.42
87. II

85.68
82.16
80. 71

80.53
79-47
75-80
73- 40
70.97
70.40

. 69±i. 12

•47±o. 59
. 45±o. 82

. Sgii. 40

. 65±i. 35

. l7±o. 52

. 46±i. 06

. 5i±i-o8

. 59±o. 44

. 49±o. 60
- 64±I. II

88. 90
77. 00
7S. 00
74-46
72.77
73-87
74- 19

69.23
67-47
65.49
65-90

J. 8o±i. IS

[-54±o. 37
!. 91 ±0. 69
;. 96±i. 42

;. i4±i- 23

!.38±o. 57
!. 5I±o. 84
i-46±o. 83
[. 50±o. 41
1- 56±o. 37
\- 89±i. 17

S8-57

77- 06

75-64
72.82
70. 01

71.99
73-66
66-55
65. 10
62. 00
64-33

So. 51 3-82± 73-57 3-42±

Marquis..

.

Preston . .

.

Glyndon .

.

Arnautka.
Acme

vulgare.

.

vulgare .

.

vulgare .

.

Durum.
Durum.

37-3°
36.49
30.82
29-59
28.44

.58±I-39
2. 78±o. 66
3. 55 ±0.85
2. 70±o. 64
3- 59±o-86

33-41
31-58
27-43
27. 60
26. 20

.6s±o. 15
I. 8o±o. 43
3. 7o±o. 88
2.05±o. 50
3. 09±o. 74

Average. 32-53 2. 64± 29-24 2.46±

BAiaEY.

Manchuria
Chevalier
Manchuria X Man-
churia

Manchuria X Man
churia

Six-row.

.

Two-row.

Six-row

.

Six-row

.

63-99
52.92

SI- 8s

47.72

. 59±o. 14
I. 5O±0.36

I. 68±o. 40

.44±o. II

47.60
48-15

45.60

41-64

.65^0.15
I- 77i:0. 42

• 69±o. 16

. 23±o. 05

Average. i-05± .S4±

71-37

31.69

25- 74
25-94

43-89
46-33

42.81

38-45

42.89

3- 5o±o- 83
1. i3±o. 27
3. 20±0. 76
5. 90±i. 41

5. 37±i-28
2. 77±o. 66
2. 99±0. 71

3. 84±o. 92
2.48±o. 68
l-59±o. 38
5-34±o-27

3-47±

.3l±o. 07
1. 38±o.33
3. 47 ±0.83
2. 27±o. 54
3. 01 ±0. 72

2. 09±

l-37±o-33
1. 3i±o. 31

. i4±o. 03

.66±o. 16

.87±

o Minota is a selection made at the Minnesota Experiment Station.

As shown in Table IV, the average standard deviations for the yields of

the different varieties of oats, wheat, and barley in the tests with no border

rows removed are somewhat greater in each instance than those for the

tests with two border rows removed. This suggests the possibility that

the probable error for a single determination of yields secured from a

single variety grown in plots of a given size may in some instances be

greater than the probable error of yields of the same plots after the re-

moval of marginal areas 12 inches in width.

From the data submitted it seems fair to conclude that the extent

of the increase in yield of wheat, oats, and barley grown in plots sur-

rounded by alleys depends upon the size and shape of the plots and that

the removal of the plants occupying an area at least 12 inches wide

within the margins of plots removes alley effect and makes yields more

nearly comparable.
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ARE ALL VARIETIES AFFECTED ALIKE BY SURROUNDING ALLEYS ?

If, when grown in plots surrounded by alleys, the yields of all varieties

or of all cultural or fertilizer treatments are increased approximately alike,

then, so far as the comparative results of the different varieties in any
single test are concerned, the inclusion of the border rows of plots at har-

vest is not objectionable except in so far as has been noted. An opinion

regarding this has been expressed by Barber (j, p. 82), as follows:

All in all, as long as conditions are similar for all varieties of grain in trial in a field of

fairly uniform soil, the results of plot tests will show the relative yields of the varieties.

Referring again to Table IV, it will be noted that in the column headed

"No border rows removed" the varieties of oats, wheat, and barley are

each listed in order of yield, in bushels per acre, for that method of test.

Do the varieties maintain approximately the same relation with regards

to yields when one and two border rows, respectively, are removed from

either side of each plot?

An inspection of the rank of the different varieties, when one and two
border rows, respectively, have been removed from either side of each plot

shows some changes. If these changes in rank, due to the removal of

border rows are fairly consistent throughout the 3- or 5-year period in

tests conducted by the three methods, what effect will this have on the

final interpretation of results ?

The standard deviation for 20 control oat plots is 3.24^:0.35 bushels.

On using this standard deviation in the formula

Standard deviation X 0.6745

yj n

in which n denotes the number of plots, to derive the probable error in

bushels per acre for the yields obtained from plots replicated three times

(four plots of each variety), the result is found to be 1.09 bushels {11).

A difference of 4.07 between two results is necessary for odds of 40 to i

against such a difference in one direction only being due to normal

variation {u). Multiplying 4.07 by 1.09 bushels gives 4.44 bushels,

which is the least difference between any two varieties, which is signifi-

cant. This figure may be used in a broad way in considering the results

for three methods of test. In the test with no border rows removed,

Victory yielded 12.31 bushels more than any other variety. Since this

difference is greater than 4.44 bushels. Victory oats may be considered the

highest yielder under that method of test. Considering the other varie-

ties in a similar way, Minota is not better than Silvermine, but is a higher

yielder than Banner or any other variety in the trial yielding less than

Banner. Silvermine is not better than Banner, but is superior to Lincoln

or any other variety yielding less than Lincoln. Banner, Lincoln,

O. A. C. 72 and Iowa 103 are higher yielders than Swedish Select, ICherson,

White Tartar, and O. A. C. 3.
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The differences in yield per acre for the various oat varieties brought

about by the removal of one border row do not necessitate any material

changes in the rank of the varieties as discussed for the test made with-

out the removal of border rows.

By using 4.44 bushels as the least significant difference between any two

varieties in the test of the oat varieties with two border rows removed,

Victory still maintains the lead, but with less margin than in the test

with no border rows removed. Minota can not be considered a higher

yielder than Silvermine, Iowa 103, or Banner, but is superior to O. A. C.

72 and the other varieties lower than it in yield.

In the test with two border rows removed the variety Iowa 103 shows

up as very promising, while in the test with no border rows removed it is

of indifferent value.

The standard deviation for 20 control wheat plots is 2.45 ±0.26. By

using the standard deviation in deriving the probable error in bushels per

acre for the yields of the wheat varieties as for the oats it is found to be

0.83 bushel. Multiplying 4.07 by 0.S3 bushel gives 3.38 bushels as the

least significant difference between any two varieties in the tests.

By using the 3.38-bushel difference in considering the varieties in the

test with no border rows removed, it is clear that Marquis and Preston

are not significantly different in yield, but are superior to the other

varieties in the test. The removal of one or two border rows does bring

about any significent changes in the rank of the wheat varieties.

The standard deviation for the 20 barley control plots is 2.53 ±0.27.

On deriving the probable error for the barley tests in the same way as the

oats, the result is found to be 0.86 bushel. Multiplying 4.07 by 0.S6

bushel gives 3.50 bushels as the least difference between any two barley

varieties in the tests which may be considered significant.

In the test with no border rows removed the Manchuria cross, listed

fourth, is significantly lower in yield than the three other varieties and

retains that position in the tests with one and two border rows removed.

The rank of Manchuria and Chevalier change in the test with one

border row removed, but the difference between their yields is not

significant.

In the test of the barley varieties with two border rows removed, the

Chevalier yielded 2.44 bushels more than the Manchuria and 3.52 bushels

more than the better of the two Manchuria crosses. For this method of

test, the Chevalier is not significantly higher in yield than the Manchuria,

but may be considered superior to the ]Manchuria cross. It seems that

the barley varieties grown in plots surrounded by alleys are not equally

efficient in utilizing the additional space.

The results indicate that, unless there is considerable fluctuation in the

response of varieties to border eft'ect when grown in plots surrounded

bv alleys, in a 3- or 5-year triaUsuperior types of oats and barley may

not be given their true rank unless at least two 6-inch drill rows within the

margins of the plots are removed before har\'est.
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SUMMARY

(i) In plots made up of 6-inch drill rows of oats, wheat, and barlev with
18-inch alleys between each two, the outside border rows yielded S3. 5,

100.4, and 123.3 per cent, respectively, higher than the average from the
central 13 rows. For oats, wheat, and barley the inside border rows
(second drill rows within the margins of plots) yielded 22,.22>, 49.29, and
50.36 per cent, respectively, higher than the averages for the central 13
rows. Alley effect is operative over an area at least 12 inches wide
\\"ithin the margins of plots.

(2) The extent of increase due to alleys varies with the percentage of

total area in at least a 12-inch strip within the margin of the plots.

This percentage is greater for small plots as compared with larger ones
of approximately the same shape and for long, narrow plots as compared
\\\\h those more nearly approaching the form of a square.

(3) Plots 6 to S feet wide and 64 to 132 feet or more in length are more
easily sown and harv^ested with the ordinary farm machinerv than plots

of the same size, but more nearly approaching the form of a square.

Removal of the plants occupying an area at least 12 inches in width in

comparatively long, narrow plots apparently obviates the most serious

objection to their use in variety test work.

Oats, wheat, and barley, grown in plots 8.5 feet wide and 132 feet long

after the end borders had been cut but with no side borders removed,
yielded 9.14, 5.28, and 8.48 bushels more, respectively, than when two
side border drill rows had been removed before har^-est. With only one
side border row removed from either side of each plot before har\'est, the

oat varieties yielded 2.20 bushels, the wheat 1.99 bushels, and the barley

2.86 bushels higher than when two drill rows had been removed.

(4) In a test of oat varieties in plots with two border rows removed, the

rank in yield was not the same as when no border rows were discarded.

The performance of one variety was very satisfactory by the former
and indifferent by the latter method of test.

The indications are that the barley varieties gro\\Ti in plots surrounded

by alleys were not equally efficient in utilizing the additional adjacent

space.

The removal of one or two side border drill rows in the wheat varie-

ties did not bring about any significant changes in rank.

CONCLUSIONS

In plots surrounded by alleys plants occupying an area at least i foot

within the margins are afifected by the additional adjacent space.

The indications are that, unless there is a considerable fluctuation in the

response of varieties to border effect, when grown in plots surrounded bv
alleys, superior types may not be given their true rank in tests made in

plots from which borders are not removed before harvest.
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These results have led to the adoption of the plan of removing the

plants from an area at least one foot wide within the margins of variety

test plots at the central and substations in Minnesota. These borders are

to be removed from the plots between the time of fully heading and

harvest.
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FUMIGATION OF CATTLEYA ORCHIDS WITH HYDRO-
CYANIC-ACID GAS

By E. R. Sasscer, Chief Inspector, and H. F. Dietz, Entomological Inspector, Federal

Horticultural Board, United States Department of Agriculture

INTRODUCTION

As a preliminary, it will not be out of place to refer briefly to the regu-

lations of the Federal Horticultural Board governing the importation of

orchids prior to the adoption of fumigation with hydrocyanic-acid gas as

a requirement for entry. These plants, which for the most part originate

in countries that do not maintain a recognized inspection service, were
allowed to enter under permit through designated ports of entry which

were provided with Federal inspectors, or collaborators of the Federal

Horticultural Board. Orchids arriving in the ports designated were ex-

amined by representatives of the board, and, if found to be free from

insects and diseases believed to be injurious, were liberated from customs

and allowed to proceed to the consignee.

INSECT PESTS INTERCEPTED

A total of 137 species of insects were collected on imported orchids,

principally species of Cattleya, or in cases containing them, from August,

1912, to December 16, 1917, including 41 species of scale insects and a

number of recently introduced ants which are now finnly established and
responsible for considerable injury in greenhouses as far west as Indiana.

A careful examination of three cases of Colombian orchids by the junior

author revealed the presence of 1 7 species of insects distributed in the fol-

lowing orders : Orthoptera, Hymenoptera, Hemiptera, Coleoptera, Lepi-

doptera, Corrodentia, and CoUembola.

Early in the spring of 1917 a shipment of 47 cases of cattleyas from
Colombia was found, upon examination by Messrs. H. B. Shaw and D. G.

Tower, of the Federal Horticultural Board, to be infested with larvae of

an unrecognized pyralid moth not known to occur in the United States.

Inasmuch as these larvae were present in numbers on and among the roots

of the plants, the writers were instructed by the Federal Horticultural

Board to conduct experiments immediately to determine the possibility

of killing these larvae and other insects by the vacuum process without

removing the plants from the original container.

Journal of Agricultural Research, Vol. XV, No. $

CTV Washington, D. C. Nov. 4, 1918

qa Key No. O-3
CD (263)

CO

CD



264 Journal of Agricultural Research voi. xv. No. s

EXPERIMENTS TO DETERMINE THE POSSIBILITY OF KILLING INSECTS
BY FUMIGATION WITHOUT REMOVING THE PLANTS FROM THE CON-
TAINER

To determine the effectiveness of this method of fumigating, the insects

and plants were exposed to the gas under conditions comparable to those

existing at commercial vacuum fumigation plants, where time would not

permit the removal of the plants from the containers. To obtain this

result, pyralid lar\^ge were fumigated as follows: Two in a vial plugged

with cotton; two secreted in the roots of a cattleya wrapped in one

thickness of newapaper; two secreted in the roots of a cattleya wrapped in

cardboard and three thicknesses of newspaper; one in a vial plugged with

cotton and wrapped with plant in two thicknesses of manila paper; two

in nests of two and three pill boxes/ respectively.

The containers were placed in the fumigation chamber, the door closed,

and a 20-inch vacuum produced. The gas was then generated, a dosage

of I ounce of sodium cyanid ^ per 100 cubic feet of space being given, with

an exposure of 40 minutes as follows : Five minutes were allowed for full

generation and then 5 minutes to wash all the gas over to the fumigation

chamber, after which the plants and insects were exposed to the gas for

30 minutes under normal atmospheric conditions. At the completion of

the exposure the gas was removed from the fumigation chamber by pro-

ducing a 25-inch vacuum. Upon examination all larvae were found

dead, irrespecive of their position, some being flattened out and void of

viscera.

To determine further the penetration of hydrocyanic-acid gas under

vacuum conditions, the following test was conducted with the black-

walnut worm {Datana iniegerrima Grote and Robinson). This experi-

ment differed slightly from the former in that the exposure was increased

to one hour with a preliminary vacuum of 26 inches. The dosage re-

mained the same, the larvae being exposed to the gas under the following

conditions: (i) Eight larvae in a nest of triple pill boxes, inclosed in two

tight-fitting cardboard coccid boxes,^ the outer, or larger, box being

wrapped with four thicknesses of dry newspaper and one layer of heavy

wrapping paper and tied. This package was then placed in a wheat sack

which was inclosed in a mail bag. (2) Four larvae were similarly wrapped,

except that the newspaper was thoroughly wet. (3) Four larvae in triple

pill boxes were inclosed in a tight-fitting screw-top maiUng tube and

placed in a thin seed sack ^vithin a wheat sack. (4) Same conditions as

No. 3, except that the mailing tube was wrapped in six layers of wet news-

paper. Upon completion of the exposure all larvae were dead, whereas

all larvae similarly wrapped and held as controls were alive.

' Diameter of pill boxes as follows: iH. iJ^, and iK inches.

2 Sodium cyanid guaranteed to contain not less than 51 per cent cyanogen and commercial sulphuric add

(about 1.84 sp. gr., or 66° Baume) were used in all experiments referred to in this paper.

' These boxes measured 5 by 3 by 2 and 3 by 2 by i'4 inches.
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EXPERIMENTS TO DETERMINE EFFECT OF FUMIGATION ON IMPORTED
CATTLEYAS AT TIME OF ARRIVAL

A series of experiments under vacuum and normal atmospheric con-

ditions was conducted to determine what effect, if any, the gas would

have on the leaves, pseudobulbs, and general health of the plant.

Mechanically injured and sound plants were purposely fumigated with

excessive dosages to determine the appearance of fumigation injury.

To induce burning, the leaves were slashed and bruised with a hatchet.

Leaves so treated invariably exhibited blackened areas immediately

around the injured spot, and yellowing was evident where the food sup-

ply was cut off. This yellowing, however, was no more pronounced in the

fumigated plant than in the unfumigated ones, and was invariably con-

fined to the old or injured leaves. The experience of the writers ^\ith the

introductions of the Department of Agriculture has been that leaves on

plants which have been poorly ventilated for a long period slowly turn

yellow and eventually fall when exposed to the air. These leaves are

apparently devitalized by abnormal shipping conditions, and the dis-

coloration may be due to physiological changes.

To demonstrate that fumigation is not responsible for the shedding

of all the leaves which are frequently found in containers when

delivered to the consignee a number of cases were carefully examined at

the port of entry. Two poorly ventilated cases yielded the following

count: (i) Number of plants, 42; total number of leaves, 304, of which

234, or 76 per cent, had fallen from the plants and were in various stages

of decay (PI. 20). (2) Number of plants, 69; number of pseudobulbs

on the plants, 719, of which 194 were dead; total number of leaves, 539,

of which 257, or 47 per cent, were dead. These figures represent fairly

well the condition of poorly packed orchids at the time of arrival, although

there are several instances on record where the entire contents of the case

were dead.

Orchids fumigated in New York on May 27, together vnth controls, were

forwarded to Washington and held in a greenhouse. On July 30 both

the fumigated and unfumigated plants had lost 33 per cent of their old

leaves. As further evidence that fumigation with i ounce of sodium

cyanid does not kill the plants, if they are in a reasonably good condition

at the time of fumigation, a commercial orchid grower, on July 17, had cut

80 blooms from 700 plants of Cattleya trianae which were fumigated in

New York during the latter part of May. It is apparent, therefore, that

injury and shedding of leaves which might be attributed to fumigation

at the port of entry are in a large measure due to poor packing, improper

ventilation, and poor shipping conditions. This conclusion is further

supported by the summarized experiments given in Tables I, II, and III.
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Table I.

—

Results offumigation of cattleyas imtnediately upon arrival at Washington,
D. C, under summer temperature conditions

Dosage
rate, in
ounces

of

sodium
cyanid.

4

Control

Hrs.

Conditions
under -which
fumigated.

Thoroughly-
wet.

Dry

Thoroughly
wet.

Dry.

Wet.

Dry.

.do.

Number of leaves on

—

Date of fumiga-
tion, June 6,

1917.

77 on 12 plants,

loi on 12 plants.

76 on 10 plants .

41 on 7 plants .

.

69 on 12 plants .

65 on 13 plants .

61 on 4 plants . .

35 on 9 plants .

.

36

Nov.

191^.

Num-
ber of

old
leaves
lost

since
fumi-
gation

Condition on Nov. 22, 1917.

Plants.

good.3 excellent,
fair.

4 excellent, 4 good, 4
fair.

Poor before fumigation;
I excellent, 2 good, 7

fair.

Poor before fumigation;

3 good, 2 poor, 2

missing.

5 good, s poor, 2 miss-
ing.

I excellent, 1 good, i

poor, 2 missing.
Good, although i plant

lost 15 pseudobulbs.
Good ;

pseudobulbs not
counted.

> a
CS O

69

40

" Ten growing. ^ Eleven growing c One poor. <* Four growing. Fourteen growing.

Table II.

—

Summary of experiments to determine penetration and effect of hydrocyanic'

acid gas on cattlevas held unplaniedfor one month prior to fumigation. All boxfumi-
gations were conducted under normal atmospheric conditions

Treatment before, during, and after

fumigation.

Dry, wrapped 2 hours before fumiga-
tion and kept wrapped 24 hours
after fumigation

Same as above, except wet
Same as above, except dry
Same as above, except wet
Dry, held in dark 2 hours prior to
fumigation; not wrapped when fumi-

gated
Wrapped in heavy paper 2 hours be-

fore fumigation and kept wrapped
24 hours.

Same as above, except wet
Under canvas 2 hours before fumiga-

tion; not wrapped when fumigated
Control

Hrs, In
26
26
26
26

(0

'F. Pel
60
60
60
60

Number, when
fumigated July
30, 1917, of-

Number, Nov. 22,

191 7, of

—

Leaves.

2 g
O Z

Pseudo-
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Table III.

—

Results of experiments similar to those given in Table I, except that all
plantsfumigated were previouslyftimigated in New York City on May 27, igi^, with
I ounce of sodium cyanid per 100 cubicfeet, with an exposure of 40 minutes tinder par-
tial vacuum as described in the text

Treatment before, during, and after
fumigation.

Number, sec-

ond fumiga-
tion, July 30,

1917, of

—

Number, November
22, 1917, of

—

Leaves.
Pseudo
bulbs.

2 3

Wrapped 2 hours before fumigation
and kept wrapped 24 hours

Same as above, except wet
Same as above, except dry
Same as above, except wet
Wet, held in dark 2 hours prior tofumi-

gation ; not wrapped when fumigated

.

Control

Hr

iK
46

46
3S

54

47

i8J4

17^4

a Three in poor condition. 6 Five black. <• In box.

All plants used in the experiments recorded in the tables were selected

at random, effort being made in so far as possible to equalize the number
of leaves and pseudobulbs in each test. Moreover, it was discovered

after the plants bloomed that four species of Cattleya were represented

—

viz, trianae, mossiae, schroederae, and percivaliana. Unfamiliarity with

these plants rendered it impossible for the writers to separate the different

species by the characters of the pseudobulbs and leaves. So far as the

different varieties were concerned, however, there was no noticeable dif-

ference in the final results. Of 116 plants fumigated, only 8, or approxi-

mately 7 per cent, died.

As indicated in the tables, the plants were fumigated under unfavor-

able conditions as regards temperature and moisture. This was deemed
advisable, since orchids are offered for entry in large numbers during the

summer months, and at this season it is frequently impossible to work
with low temperatures; and, furthermore, these plants occasionally are

drenched with water en route.

All plants listed in Table III received two fumigations, the first ex-

posure being in New York on May 27, with sodium cyanid at the rate of i

ounce per 100 cubic feet of space, with an exposure of 40 minutes and a
preliminary 20-inch vacuum.

All plants used were grown by Dr. James S. Cannon, the orchid expert

of the propagating gardens of the War Department, and in many cases

were not potted for weeks after fumigation. It is evident, therefore,

that the cattleyas were not given special treatment, but were handled as

a commercial shipment.
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The percentage of old leaves lost, as given in the tables, is neither dis-

tinctly correlated with conditions under which the plants were fumi-

gated nor with the dosage given. Whether this discrepancy is due to

specific resistance of the different species of Cattleya fumigated or to

physiological conditions of the plants at the time of fumigation remains

to be determined by the use of known plants kept under similar condi-

tions before exposure to the gas. It will be noted, however, that plants

which lost a high percentage of old leaves produced flowers, new leaves,

and pseudobulbs. (PI. 19.)

FUMIGATION AS A REQUIREMENT FOR ENTRY

Owing to the large number of insects which have been intercepted in

cases of orchids and to extremely poor inspection facilities at the ports of

entry, the Federal Horticultural Board has instructed its inspectors to

require the fumigation of all orchids arriving in bulk from countries

which do not maintain a recognized inspection service. On the strength

of the experiments listed in this paper, all plants fumigated in the orig-

inal container must be fumigated with i ounce of sodium cyanid, with

an exposure of one hour. A preliminary vacuum of 20 inches is required

prior to the generation of the gas.

CONCLUSIONS

(i) Black areas appear on unfumigated as well as fumigated leaves

which have been injured.

(2) Progressive yellowing occurs on both unfumigated and fumigated

plants and depends on adverse treatment or age of the leaves.

(3) Fumigated plants lose their leaves more rapidly than do unfumi-

gated plants when subjected to adverse treatment. Young leaves and

shoots are not severely injured by the gas with a i -ounce dosage, although

a number of old devitalized leaves may fall.

(4) Fumigation is not responsible for dying of pseudobulbs, if exces-

sive dosages are not used.

(5) Presence of water on cattleya leaves does not increase burning from

fumigation.

(6) Loss of a few old leaves does not render a plant valueless, as in a

brief period they are replaced by new vigorous foliage.

(7) Where excessive dosages are not employed, orchids are apparently

stimulated by hydrocyanic-acid gas. (See PI. 19.)

(8) Infested orchids at the time of arrival at the port of entry, if in a

reasonably good condition, are not seriously affected by hydrocyanic-

acid gas generated at the rate of i ounce of sodium cyanid per 100 cubic

feet, and are not killed where a 4-ounce dosage is used.

(9) Insects which are not hermetically sealed in stems or pseudobulbs

of cattleyas can be killed in the original cases with hydrocyanic-acid gas,

provided a preliminary 20-inch vacuum is given.





PLATE 19

Catileya schroederae five months after having been fumigated with hydrocyanic-

acid gas at the rate of i ounce per 100 cubic feet of space.
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PLATE 20

Examining a case of cattleyas before fumigation at the port of New York. This

case jaelded the following count: Number of plants, 42; total number of leaves, 304;

number of leaves off of the plants in various stages of decay, 234.





NET ENERGY VALUES OF ALFALFA HAY AND OF
STARCH

By Henry Prentiss Armsby, Director, and J. August Fries, Assistant Director,

Institute of Animal Nutrition of the Pennsylvania State College

COOPERATIVE INVESTIGATIONS BETWEEN THE BUREAU OF ANIMAL INDUSTRY OF
THE UNITED STATES DEPARTMENT OF AGRICULTURE AND THE INSTITUTE OP
ANIMAL NUTRITION OF THE PENNSYLVANIA STATE COLLEGE

INTRODUCTION

The experiments here reported were undertaken primarily to deter-

mine the net energy value of starch as a representative of the carbohy-

drates. Alfalfa hay was used as the necessary roughage chiefly in order

to secure a mixed ration not too low relatively in protein, but in part also

for the sake of comparison with the results of several earlier determina-

tions on the same feeding stufif.

OUTLINE OF EXPERIMENT

The subject of the experiment was a pure-bred Shorthorn steer, des-

ignated as Steer J, bred by The Pennsylvania State College. He was a

year and lo months old at the beginning of the experiment and had been

chiefly grass fed up to that time. He was the same animal used in the

subsequent year for the experiment on the influence of the degree of fat-

ness of cattle upon their utilization of feed already reported.^

The general plan of the experiment was the same which has been em-

ployed in our more recent determinations of the net energy values of

concentrates. It consisted, first, in determining with the aid of the

respiration calorimeter, the net energy value of the roughage by a com-

parison of two or more periods in which different amounts of it were fed

and second, in making similar determinations upon a mixture of hay and

starch in the proportion of 2.5 to i. By a difference calculation, pre-

cisely similar in principle to that commonly used in estimating the

digestibility of a concentrate, the net energy of the starch could then be

computed.^ As a matter of fact, the trials were not actually made in

this order, those on the mixed ration preceding those on the hay.

It may be noted that this method differs from that employed by

Kellner, who has also reported a number of determinations of the net

energy value of starch.^ In his experiments the starch was added to a

basal ration of hay and grain, the balance of carbon and nitrogen on each

• Armsby, H. P., and Fries, J. A. influence of the degree of fatness of cattle upon their utili-

zation of feed, /w Jour. Agr. Research, V. II, no. 10, p. 451-472, pi. 41. Literature cited, p. 464. 1917.

2 net energy values of feeding stuffs for c.\ttle. In Jour. Agr. Research, v. 3,

no. 6, p. 469-470. 1915.

' Kellner, O.. and Kohler, A. untersuchungen uber den stoff- und energie-umsatz des

ERwachsehen rindes bei erhaltungs- und PRODUKTioNSFUTTER. In Landw. Vers, Sta., Bd. 53,

474 p. 1900.
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ration being determined with a respiration apparatus and the heat pro-

duction computed. A difference calculation, after making certain cor-

rections, shows the net energy of the added starch.

PERIOD AND RATIONS

Each feeding period covered three weeks, of which the first 11

days constituted the preliminary period while during the last 10 the

feces and urine were collected quantitatively. A 48-hour determina-

tion of the respiratory products and of the heat production was made

on the eighteenth and nineteenth days of each period. The dates of

the several periods, the rations fed and the average live weight of the

animal in each period are shown in Table I.

Table I.

—

Periods, rations, and average live weights

Period. Preliminary period. Digestion period.

Daily rations.

Hay. Starch.

Live
weights
of steer.

Period I

Period 2

Period 3
Period 4
Period 5
Period 6
Period 7

1912-13.

Dec. 22-Jan. I

Jan. i2-Jan. 22

Feb. 2-Feb. 12

Feb. 23-Mar. 5
Mar. i6-Mar. 26
Apr. 6-Apr. 16

Apr. 27-May 7

1913-

Jan. 2-Jan. 11

Jan. 23-Feb. I

Feb. 13-Feb. 22

Mar. 6-Mar. 15
Mar. 27-Apr. 5
Apr. 17-Apr. 26
May 8-May 17

Kgm.
7-50

Kgm.
3.00
I. 20
I. 70
.80

Kgm.
388,

366,

387
356.

403
403

377

COMPOSITION OF FEEDING STUFFS

The alfalfa hay was from a car of baled hay purchased the previous

year in Kansas City, Mo., and stated to have been grown in Idaho. The

starch was commercial cornstarch

Table II.

—

Composition and energy content of dry matter offeeding stuffs

Alfalfa hay.

Period i.
Periods 2

and 3.

Periods 4
and 5.

Periods 6
and 7.

Average.

Starch,
Periods

Ash
Protein
Nonprotein
Crude fiber

Nitrogen-free extract. .. .

Ether extract

Total nitrogen
Protein nitrogen
Carbon

Energy, calories per kgm.

Per cent.

9-74
11-34
3-27

30.69
43.22
1.84

Per cent.

8.83
ID. 96
3. 21

31.86
43-38

I. 76

Per cent.

9.27
11.36

3-03
29. 46
45- 14

1-74

Per cent.

9-43
II. 51

3. 12

29. 96
44. 21

1.77

Per cent.

9. 26
II. 29
3-14

30-47
44- 10

1-77

100. 00

2- 51

I. 82

45. 00

4,335-34

100. CO

2.44
1-75

44.94

4, 389. 90

100. CO ICO. 00

2. 46
I. 82

44.98

4, iZ^- 82

2. 51

1.84

44- 74

4, 334- 67

2.48
I. 81

44.92

4, 348. 18

Per cent.

O. 24

•35

• 13

99. 28
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Four samples of the finely cut alfalfa hay and four of the starch were
taken as the rations were being weighed out. The hay samples were
analyzed separately, while the starch samples were united to form a
single composite. The analytical results and the periods covered by each
sample are shown in Table II.

DIGESTIBILITY

The digestibility of the total ration was determined in the usual manner.
The results are recorded in full in Table i of the Appendix and are sum-
marized in Table III. The weighted means are computed from the totals

of each ingredient eaten and excreted respectively in all the periods

averaged. The digestibility of the starch is computed on the assumption
that the hay fed with it had the digestibility shown by the mean of

periods 5, 6 and 7. Large negative coefficients for protein and crude
fiber result from this computation. The results for the other ingredients

are as shown in the table, the periods being, for convenience of reference

grouped by the nature of the ration and arranged in each group in the

order of magnitude of the rations.

Table III.

—

Summary of percentage digestibility

Feed and period.
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usually results in depressing the digestibility of these ingredients. If it

be assumed that the starch was completely digestible—that is, if all the

effects just mentioned be assigned to the hay—the digestibility of the

latter as compared with that observed in the periods when the hay was

fed alone was as shown in Table IV.

Table TV.—Influence of starch on digestibility of hay
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this period appear somewhat exceptional in other respects also, and the

mean digestibility, excluding period 3, is therefore included in the table.

URINARY EXCRETION

From the results for the urinary excretion contained in Table 2 of the

Appendix the following averages are derived. Table VI shows both the

energy of the urine as actually determined and also with a correction of

7.45 Calories per gram for the gain or loss of nitrogen by the body.

Table VI.

—

Average daily excretion in urine
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GAINS BY BODY

From the data of the Appendix the gains of protein, fat, and water by
the animal can be computed in the usual way with the results there

recorded in Table 6. In this computation the amount of water produced

by the oxidation of organic hydrogen has been disregarded. The results

are used only as a correction in the manner described on page 277, and it

may be shown that a disregard of the organic hydrogen introduces no

material error. Table VIII contains a summary of the gains of protein

and fat by periods.

Table VIII.-

—

Average daily gains of protein andfat

Feed and period.

ALFALFA HAY.

Period 5
Period 6 '

Period 7

ALFALFA HAY AND STARCH

Period I

Period 3
Period 2

Period 4

Protein.
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Table IX.

—

Methane production

Feed and period.

ALFALFA HAY.

Period 5

.

Period 6

.

Period 7

.

Totals and means

.

Dry matter
eaten.

Gm.
7, 893. o
6,127.8

3, 501- 6

17,522.4

Methane.

Total.

Gm.
173- 19
132. 74
79. 19

ALFALFA HAY AND ST.\RCH.

Period I

.

Period 3

.

Period 2

.

Period 4

.

Totals and means
Totals and means, omitting period 3

STARCH, COMPUTED, WITH MEAN FOR HAY.

Period i , total

.

Period I, hay

.

Period I, starch.

Period 3 , total . .

Period 3, hay.

.

Period 3, starch.

Period 2 , total . .

Period 2, hay . .

Period 2, starch.

Period 4, total . .

Period 4, hay . .

Period 4, starch

Totals and means
Totals and means, omitting period 3

8,821.0

S, 298. 8

3> 750- 4
2, 480. o

20,350.2
15.051-4

8,821.0
6, 254. 7

2, 566. 3

5, 298. 8

3. 747- 7

1. 551- I

3. 750- 4
2, 645. 4

1, 105. o

2, 480. o
I, 754-0

726. o

5. 948. 4
4, 397- 3

385- 12

225. 14

155- 93
112. 00

83-34

Per kilo-

gram of

dry matter

Gm.
21. 04
21. 66
22. 61

Per 100
grams of
digested
carbohy-
drates.

Gm.

21.

576- 41
420. 48

225. 14

87.66

155- 93
82.37

73-56

112. 00

58- 15

53-85

83-34
38.55

44-79

259. 86
186. 30

25-52
29.42
29. 86

33- 60

28.32
27. 04

34- 16

47.42

48.73

61. 70

43.69
42.37

5-0
4.8
5.0

4.9

4.4
5- I

5- o

5.6

4.8

4.7

3-6

5-2

5-1

6-3

4.6
4-4

METABOLIZABLE ENERGY
By metabolizable energy is understood the total chemical energy

of the feed, as measured by its heat of combustion, minus the chem-
ical energy lost in the feces, urine, and combustible gases. In other

words, it is the amount of energy capable of conversion into other forms
in the body. Correcting the observed energy of the urine to a state of

nitrogen equilibrium ^ the following results (Table X) may be computed
as in the case of digestibility. Averages have also been computed omit-
ting the results of period 3.

' By adding 7.45 Calorics for each gram of nitrogen retained by the animal or subtracting the same amount
or each gram of body nitrogen lost, the correction being regarded as representing energy of excretory mate-
rial temporarily retained in the body.

83814°—18 2
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Table X.

—

Losses of chemical energy; metabolizable energy

Feed and period.

ALFALFA HAY.

Period 5

Period 6

Period 7

Weighted averages.

ALFALFA HAY AND
STARCH.

Period i

Period 3
Period 2

Period 4

Weighted averages.
Weighted averages

for periods i, 2,

and 4

COMPUTED FOR
STARCH.

Period i

Period 3
Period 2

Period 4

Weighted averages.
Weighted averages

for periods 1,2,
and 4

Kellner 's average ....

Energy per kilogram of dry
matter.

Losses.

Cal.

4,333
4,335
4,335

4,334

4,267
4,306
4,306
4, 266

4, 284

4,276

4, 105

4, 105

4, 105

4, 105

4,105

4,105
4, 152

Cal.

1,875
I, 840

1,792

1,846

395
1,465

353
1,345

1,400

1,376

296

487
116

134

C-al

252

255

257

166

193
204

180

179

-53
-12

34
76

293 -II

224

731

-10
-27

Cal.

293

302

293

Cal.

1,913
1,951
1,971

1,938

341

393
398
448

378

373

456
623

541
823

579

563
382

2,365
2, 268

2, 362
2, 269

2,326

2,348

3,406
3,007
3,314
3,072

3,244

3,328
3,066

tX_Q

N E 2^3
n "a

Cal

3,516
3,507
3,490

3,507

3>596
3,509
3,516
3,368

3,530

3,538

3,707
3,474
3,495
3,182

3,541

3,563
3,603

Percentage losses.

43-27
42.45
41-35

42. 60

32.70
34.02

31-43
31-51

32.68

32.18

7-

11.86
2.84
3-25

7.14

5-46
17. 61

5.82

5-87
6. 22

5-92

3-90
4. 20

4-49
4.78

4. 20

4. 19

-1.30
-o. 29
0.83
1.86

-o. 24

-o. 24
-0.66

6.76
6.67
6.96

6. 77

7-98
9. 12

9. 26

10.51

8.82

8. 72

II. 10

15- 19
15.62
20.05

14. 10

13-71
9. 21

44- IS

45- 01

45-47

44. 71

55-42
52. 66

54.82
53- 20

54-3°

54-91

82.98
73-24
80.71
74.84

79-03

81.07

73-84

o Corrected to N equilibrium.

It has already been noted that mth the exception of period 3 the diges-

tibihty increased as the total amount of the ration was decreased. The

converse of this is shown in Table X, of course, in the decreased losses in

the feces. On the other hand, the losses in the urine and methane show a

distinct increase on the lower rations. As in previous experiments, the

greater digestibility of the smaller rations was apparently due largely to

the greater extent of the methane fermentation accompanied by the ex-

cretion of more katabolic products of some sort in the urine. As a con-

sequence, the metabolizable energy per kilogram of digested dry matter
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or of digested organic matter was somewhat less on the Hghter rations

despite their higher digestibihty. The difference v/ould be still more

marked if account were taken of the fact that o-n the lighter rations a

larger proportion of the metabolizable energy is accounted for by the heat

of fermentation of the carbohydrates.

The metabolizable energy per kilogram of digested organic matter

agrees closely with the results obtained by us * in earlier experiments on

roughage and by Kellner ^ in his experiments on starch.

HEAT EMISSION AND PRODUCTION

The results of the measurements of heat emission are contained in

Table 5 of the Appendix. The heat emission, however, does not usually

correspond with the heat production.

First, any matter gained by the body is raised from the temperature of

the calorimeter to the temiperature of the body and a corresponding

amount of the heat produced is stored up as heat in this added material.

Second, a rise in body temperature while the animal is in the calorime-

ter likewise absorbs a certain amount of the heat actually produced.

Both these amounts must therefore be added to the heat emission to get

the real heat production. Of course this correction may be negative

—

that is, a fall of body temperature or a loss of body weight gives a negative

correction—so that in such a case the heat production is less than the heat

emission. The corrections due to these two causes are shown in the Ap-

pendix, Tables 6 and 7, while Table 8 shows the heat emission, the cor-

rections, the heat production as thus computed and also the heat produc-

tion as computed in the usual way from the balance of nitrogen and car-

bon—that is, by indirect calorimetry.

CORRECTION FOR STANDING AND LYING

Standing as compared with lying exerts such a marked influence upon

the metabolism of cattle that it is necessary to make a correction for this

factor in order to render the different periods of an experiment compara-

ble. The heat production has therefore been computed to 12 hours each

standing and lying in the manner described in a previous paper.^ On
using the same corrections as before for body gain and body temperature

the results are as shown in Table XI.

1 Armsby, H. p., and Fries, J. A. net energy values of feeding stuffs for cattle. In Jour. Agr.

Research, v. 3, no. 6, p. 451. 1915-

ENERGY VALUES OF HOMINY FEED AND MAIZE MEAL FOR CATTLE. 1)1 Jcur. Agr. Research,

V. lo, no. 12, p. 605. 1917.

and Bramann, W. W. energy values of red-clover hav and maize meal. In Jour.

Agr. Research, v. 7, no. 9, p. 382.

2ARMSDY, H. P. THE nutrition OF FARM animals, p. 301. New Vork, 1917.

— and Fries, J. A. OP. ciT., 1915, p. 452.

' Armsby, H. P., and Fries, J. A. op. cit., 1915, p. 454.
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Tabl^ XI.—Daily heat production computed to 12 hours' standing and lying.

Period and ration.

ALFALFA HAY.

Period 5
Period 6

Period 7

ALFALFA HAY AND STARCH

Period I

Period 3
Period 2

Period 4

First day. Second day. Mean.

Calories.

13. 309
10, 940

16, 394
11,283
10, 150

8,483

Calories.

i3> 187
11,512

8,747

IS, 635
11,439
9,689
8,325

Calories.

137 248
II, 226

8,864

16,015
11,361

9, 920
8, 404

ENERGY EXPENDITURE CONSEQUENT UPON FEED CONSUMPTION

The heat production in this experiment shows the same marked

dependence upon the amount of feed consumed which has been noted in

all previous investigations. By a difference computation, the heat

increment caused by a unit of feed consumed may be computed. For

example, a comparison of periods 5 and 7 gives the following results:

Table XII.—Exatnple of computation of heat increment due to feed

Period.

Period 5.

Period 7.

Difference
Difference per kilogram of dry matter.

Dry matter
eaten.

Gm.
7,893
3,502

4,391

Heat pro-
duction.

Calories.

13, 248
8,864

4,384
999

Table XIII.—Heat increment per kilogram of dry matter

Feed and period.
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starch may be calculated. Three comparisons are obviously possible on
the hay and five on the mixed ration. The results are contained in

Table XIII.

It may be presumed that, other things being equal, the results obtained

by comparing the extreme periods—namely, periods 5 and 7 for hay and
periods i and 4 for the mixed ration—mil be the most accurate. In the

case of the hay the intermediate comparisons show differences similar to

those already reported.*^ In the case of the mixed ration and of the

starch the results show a marked degree of uniformity with the exception

of those involving period 3. As already noted, the results of this period

as regards digestibility, methane production, and metabolizable energy

appear somewhat abnormal as compared with those of periods 1,2, and 4,

the losses in feces and methane being relatively large and the percentage

of the gross energy which was metabolizable being correspondingly

lower. This might be expected to result in a lower heat production.

If such were the fact, it would tend to explain the marked divergence of

those heat increments in Table XIII which involve the use of period 3.

We are inclined therefore to accept the results of the extreme periods

—

viz.

Hay 999 Calories per kilogram
Hay and starch i, 200 Calories per kilogram
Starch i, 692 Calories per kilogram

as representing most accurately the heat increment caused by the con-

sumption of these materials.

NET ENERGY VALUES

Subtracting from the gross energy the losses of chemical energy and the

heat increment due to feed consumption gives the net energy value as

follows (Table XIV)

:

Table XIV.

—

Net energy values per kilogram of dry matter

Feed and period.
Gross
energy.

Losses o'

chemical
energy.

Metabo-
lizable

energy.

Heat
incre-
jnent.

energy
values.

Net
metabo-
lizable.

ALFALFA HAY.

Average

ALFALFA HAY AND STARCH.

Average of all

Average of periods 1,2, and 4.

STARCH.

Average of all

Average of periods 1,2, and 4.

Kellner's average

Cal.

4,334

4,284
4,276

4, 105

4, 105

4, 152

Cal.

2,396

I, 928

861

777

Cal.

1,938

2, 326
2,348

3, 244

3- 328

3,051

Cal.

999

200
200

I, 692
I, 692
1,248

Cal.

939

I, 126
I, 148

I, 552
1,636
1,803

Per d.

48.45

48.41
48.89

47-84
49. 16

58.80

" Armsby. H. p., and Fribs. J. A. OP. ax., 1915, p. 473-475.
fc From re.sults of i)eriods s and 7.
c From results of periods i and 4.
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COMPARISON WITH KELLNER'S RESULTS ON STARCH

As noted at the beginning of this article, Kellner has reported a number

of determinations of the net energy of starch. His results, expressed in

terms of energy and computed in a somewhat different manner than

that used by Kellner himself,^ are included in Table XIV. Two marked

differences appear. Kellner's metabolizable energy is lower than that

found in our experiment, while his heat increment is also less, the net

result being a higher net energy value. Kellner's rations, however, differ

quite materially from ours. As regards quantity (total organic matter)

our mixed ration was considerably above Kellner's in period i and much
below it in periods 2 and 4. As regards make-up it contained a much
larger proportion of hay and no concentrate except starch. The per-

centage of starch in the total ration was 31.2 as against 19.2 in Kellner's,

but the percentage of organic matter supplied by the hay was 69.8 as

compared with 40.9 in Kellner's experiments. As regards nutritive

ratio our ration was somewhat narrower than three of Kellner's rations

and somewhat wider than the other two.

The difference in the metabolizable energy is due chiefly to a much
larger loss in the feces in Kellner's experiments, as Table X shows. If

this be eliminated, by computing the losses in urine and methane upon

the digested energy the following comparisons are obtained:

Table XV.

—

Distribution of digested energy of starch

Mean of periods 1,2, and 4 .

Kellner 's mean

In urine.

Per cent.

— O. 26
- -79

InnxethanJ MetaboU-

Per cent.

14- 50
II. 17

Per cent.

85.76
89.62

The higher digestibility of the starch in our experiment was accom-

panied (caused?) by a greater production of methane, so that a less

proportion of the digested energy was metabolizable. When thus com-

puted on the digested energy, our results in period i agree substantially

with Kellner's, while periods 2 and 4 show a considerably greater rela-

tive loss of energy in the methane. Period 3, as already noted, appears

exceptional. No obvious* explanation presents itself for the high heat

increment found in our experiment. The more extensive fermentation

of the starch may perhaps account for a portion, but by no means

all of it.

1 ArmSBY, H. p. op. CIT., 191 7, p. 4SS-459, 474.
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SUMMARY

In seven respiration calorimeter experiments on a steer the digesti-

bility and metabolizable energy of different amounts of alfalfa hay and of

a mixture of alfalfa hay and commercial starch the gaseous excretion

and the heat production were determined.

By a comparison of periods in which different amounts of the same
ration were fed, the heat increments consequent on feed consumption

and the net energy values of the rations were computed.

The digestibility of the rations, the losses in the urine, and the extent

of the methane fermentation showed a distinct increase as the total

amount of the ration was reduced.

The greater loss of energy in the urine and methane on the lighter

rations more than compensated for the smaller losses in the feces, so that

the proportion of the total energy metabolizable was somewhat less than

on the heavier rations.

The metabolizable energy of the starch was 10 per cent greater than

the average computed from five experiments by Kellner, the difference

being due chiefly to smaller losses in the feces. Starch caused the usual

depresion in digestibility.

The average heat increment caused by the consumption of alfalfa

hay was 999 Calories per kilogram of dry matter as compared with 981

Calories found for the same hay in the previous year and with an average

of 1,169 Calories in six previous experiments on three different samples.

The average heat increment for the starch was 1,692 Calories per

kilogram of dry matter as compared with 1,248 Calories computed from

Kellner's experiments.

The net energy values of the starch was about 9 per cent lower than

that computed from Kellner's experiments, only 49 per cent, as com-

pared with 59 per cent of the metabolizable energy being utilized by
the animal.

APPENDIX

The principal numerical data obtained in the experuments are recorded in the

following tables. The computations involved have been carried out beyond the

probable limit of accuracy of the experimental methods in order to guard against

a possible accumulation of arithmetical errors.
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Table i .

—

Digestibility of rations

Feed and period.
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Table 2.

—

Urmary excretion
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Table 4.

—

Gaseous excretion
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Table 5
—Heat emission—Continued

Feed and period.
By radia-
tion and

conduction.

As latent
heat of

water
vapor.

Total.

Period i;

First day. .

.

Second day.

ALFALFA HAY AND STARCH.
Calories.

10,731.85
10,619. 21

Calories.

4,860. 76
4,887.53

Calories.

15,592.61
15,506.74

Average.

Period 3:

First day. . .

.

Second day.

.

Average

.

Period 2:

First day. . .

.

Second day.

.

10,675.53 4,874.15 IS. 549- 67

7.744-58
7, 770. 84

3.086.37
3.071-71

10, 830. 95
10,842.55

10, 836. 75

7,075.60
6,986.47

2,583-70
2.457-77

9, 659. 30
9.444-24

Average

.

Period 4:

First day. .

.

Second day.
6, 108. 95
6, 102. 51

1,880.96
1,862.38

7,989.91
7,964.89

Average

.

6, 105. 73 1,871.67

Table 6.—Corrections of heat emissionfor gains by body^

Feed and period.
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Table 7.

—

Corrections of heat emission for changes of body temperature in 48 hours



SOIL FACTORS AFFECTING THE TOXICITY OF ALKALI

By F. S. Harris, Director and Agronomist, and D. W. Pittman Assistant Agronomist,

Utah Agricultural Experiment Station

INTRODUCTION

In alkali studies carried out at the Utah Experiment Station during a

number of years, variations in toxicity under different conditions have

been very evident. This has already been reported by one of us/ in

results wherein the various alkali salts and particularly the carbonates

were injurious in lower concentrations in sand than in loam. Other soil

factors were also found to influence the action of soluble salts on plants.

In order to gain more information regarding these factors, the investiga-

tions herein reported were undertaken, since it was realized that no ade-

quate idea of the alkali problem could be had without an understanding

of the factors involved.

Millions of acres of land in the arid part of America contain certain

soluble salts in sufficient concentration to interfere with the best growth

of crops. The value of much of this land is uncertain, since the salt

content is near the concentration that renders it worthless. It is im-

portant, therefore, to know as nearly as possible just what the critical

concentrations are. Hilgard and other early investigators contributed

much to our knowledge of alkali lands, but their investigations did not

make clear all the factors involved. This work is an attempt to deter-

mine with more exactness the quantities of the various salts that pro-

hibit crop growth under different soil conditions.

The earlier paper^ reviews the important literature on the subject;

consequently no literature is reported in the present paper.

METHODS OF EXPERIMENTATION

The first method used was the direct empirical experiment of growing

crops in prepared alkali soils in glass tumblers. Over 12,000 tumblers

were planted in this experiment. The general method of procedure was

exactly the same as was used previously^ in studying the effect of differ-

ent salts and combinations of salts. The tumblers were made to a uni-

form weight by placing washed gravel in the bottom. Two hundred

gms. of soil, to which the salts had been added in solution as required in

the experiment, were placed in each tumbler, and 10 kernels of New
Zealand wheat planted in each. Daily notes were taken on the number

of plants up in each tumbler and on any other observable data. The

1 Harris, F. S. effect of alk/\h salts in soils on the germination and growth op crops. In

Jour. Agr. Research, v. s, no. i, p. 1-53, 48 fig. 1915. Literature cited, p. 52-53.

' Harris, F. S. op cit.

Journal of Agricultural Research, Vol. XV, No. 5

Washington, D. C. (287) Nov. 4, 1918

qc Key No. Utah-9
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tumblers were made up to weight with distilled water as often as the loss

became appreciable. On the twenty-first day after planting, the crop

was harvested by cutting the plants at the surface of the. ground with

small scissors. The height of each plant and the number of leaves were

DaCl in p.p.m- of dry soil
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Fig. I.—Diagram showing the number of wheat plants up and the dry matter produced in 21 days in

quartz sand of different sizes containing sodium chlorld. Sodium carbonate and sodium sulphate added

in various concentrations. iMoisture content maintained at 20 per cent throughout.

recorded. The plants from each tumbler were placed in an envelope

and dried in an oven, and the dry weight was determined. The 3-week

period was arbitrarily chosen, because by that time nearly all the plants

that would germinate had done so, and the growth ceased to be vigorous.
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It was found that the dry weight at harvest gave the best figures for

comparison. The number of plants germinated, the average number of

days required to germinate, the average height of plants, and the aver-
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Fig. 2.—Diagram showing the number of wheat plants up and the dry matter produced in 21 days in soils

of different texture containing sodium chlorid added in various concentrations. Moisture content

maintained at 20 per cent throughout.

age number of leaves were also used as indicators of plants growth. In

these experiments only the three most important alkali salts, sodium
chlorid, sodium carbonate, and sodium sulphate, were used. The rela-

tive toxicity of most of the alkali salts was reported in the earlier paper.
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EFFECT OF SIZE OF SOIL PARTICLES

The first factor to be examined was the effect of the size of soil parti-

cles on the toxicity of alkali. For this purpose pure quartz sand graded

into five sizes was used. The experiment was repeated three times in

fle^CQj inpp. m- of dry s oil
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Fig. 3.—Diagram showing the number of wheat plants up and the dry matter produced in 21 days in soils

of different texture containing sodium carbonate added in various concentrations. Moisture content

maintained at 20 per cent throughout.

two different years, twice at 20 per cent moisture and once at 10 per cent.

The details of the make-up of the tumblers and the results are shown in

figure I.



Nov. 4. 1918 Soil Factors Affecting the Toxicity of Alkali 291

The size of particles alone, as shown by the quartz sand, seemed to

have no appreciable effect on the toxicity of tlie salts. The different

moisture content shows a marked difference here as elsewhere. The
results with sand are the only ones showing the carbonate more toxic

than the chlorid on the basis of the amount of salt added.
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Fig. 4.—Diagram showing the number of wheat plants up and the dry matter produced in 21 days in soils

of different texture containing sodium sulphate added in various concentrations. Moisture content

maintained at 20 per cent throughout.

As a continuation of the study of the effect of size of particles or tex-

ture, various combinations were used, including soils varying from sand

through loam to a brickyard clay. The loam contained more organic

matter than either of the others. This condition is usually found in

83814°—18 3
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natural soils. A series was conducted with ^ocal sand, Greenville loam,

and clay, and mixtures of half and half of these. Later, another series

was conducted using more grades of mixtures. Owing probably to

weather conditions, the second series grew better as a whole than the

DaC/ in p. p. m. ofdry soil
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• == onephnl •^™» =. o-iom-dry molter

PiQ_ J.—Diagram showing the number of wheat plants up and the dry matter produced in 21 days in soils

containing sodium chlorid added in various concentrations. Soils maintained at an eqtiivalent moisture

content.

first; but, since the figures are equally distributed, they can be placed in

one table for study. All soil was maintained at 20 per cent moisture on

the basis of the dry soil. The details of the experiment and the results

are shown in figures 2, 3, and 4. It is noticeable from the figures that
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the loam is more tolerant than either of the extremes and that the lighter

loam soils are more tolerant than the heavier. This is especially notice-

able with the carbonates.

sond

sond -

loam-

sond-
loom-
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sand-
loam-

sand-
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sand-
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= one plant = o-i^rndr'/ matter

Fig. 6.—Diagram showing the number of wheat plants up and the dry matter produced in 21 days in soils

of different texture containing sodium carbonate added in various concentrations. Soils maintained at

an equivalent moisture content.

It was noticed in this experiment that at 20 per cent moisture content

the sand was nearly saturated, while the clay was comparatively dry.

In order to overcome the effect of the varying moisture relations when

soils of all textures were maintained at 20 per cent, experiments were
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conducted with the soils as nearly as possible to an equivalent moisture

content or the same relative degree of wetness. Since there was no cen-

trifuge available, this equivalent moisture content was determined by

Pa^SO^ inp.pm-of dry soil
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cloy -Joio

loam-bOf,
day -^of.

loam- so 1,

clay - JO •/>

loam-^0%
day- 60%

loam- JO %
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toom-zo'^,
day -60'!',
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• = one plant mammm = oigm dr/moiter

Fig. 7.—Diagram showing the number of wheat plants up and the dry matter produced in 21 days in soils

of different texture containing sodium sulphate added in various concentrations. Soils maintained at

an equivalent moisture content.

placing the soils at various moisture contents in contact with loam

at 20 per cent moisture in sealed vessels and observing by the moisture

movements the percentage in each case which was in equilibrium with

20 per cent in the loam.
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As determined by several duplicates of this method, 10 per cent
moisture in the sand, 27 per cent in the clay, and 50 per cent in peat,

PoCl in p.p.m ofdry soil
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15%
garden soil '

garden sod ^^J:^A^^f^i^^l:^l:A:y^
• '^ one plant —— = 0-1jm- dry matter

Fig. 8.—Diairram showing the number of wheat plants up and the dry matter produced in 21 days in sand
with different amounts of garden soil contain ing sodium chlorid, sodium carbonate, and sodium sulphate

added in various concentrations. Moisture content maintained at 20 per cent throughout.

used in later experiments, was found to be equivalent to 20 per cent in

the loam. As worked out later on the moisture-equivalent centrifuge,
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the equivalents were sand 2.66 per cent, loam 23.92 per cent, clay 27.07

per cent, and peat 51.80 per cent; but the first results are probably as

' DoCI in p.p.m. of'dry so//
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peat ^^\^?^^:y<l:y^.!;A::y
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20%
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»=on( plant —— o-igm.drymattcr

Fig. 9.—Diagram showing the number of wheat plants up and the dry matter produced in 21 days in sand

with different amounts of peat containing sodium chlorid, sodium carbonate, and sodium sulphate added

in various concentrations. iMoisture content maintained at 20 per cent throughout.

satisfactory for this experiment, since the sand at the lower moisture

content would be unworkable. The results of this experiment are
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shown in figures 5, 6, and 7. These graphs show but little difference

in the tolerance of sand and clay, but the presence of loam greatly

increases tolerance for alkali,
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Fig. 10.—Diagram showing the number of wheat plants up and the dry matter produced in 21 days m
sand with different amounts of manure containing sodium chlorid, sodium carbonate, and sodiimi

sulphate ac'ded in various concentrations. Moisture content maintained at 20 per cent throughout.



298 Journal of Agricultural Research Vol. XV, No. s

In order to eliminate the effect of the organic matter which was pres-

ent in the loam and not in the other soils, two series were conducted,

DoCI in p.p. m. of dry soil
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Fig. II.—Diagram showing the number of wheat plants up and the dry matter produced in 21 days in
sand with different amounts of garden soil containing sodium chlorid, sodiimi carbonate, and sodium
sulphate added in various concentrations. Soils maintained at an equivalent moisture content.

using, only mixtures of clay and sand at an equivalent moisture content.
In one series no organic matter was added, and in the other lo per cent
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of sifted peat was added to each. In this case only four concentrations
of the salt were used and there were four duplicates of each treatment.
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Fig. 12.—DiaKram showing the number of wheat plants up and the dry matter produced in 21 days in

sand with different amounts of peat containing sodium chlorid, sodium carbonate, and sodium sulphate

added in various concentrations. Soils r.aiutaincd at an equivalent moisture content.

These were averaged. The results are given in Tables I and II. These

tables show that without the organic matter the heaxder soils are more
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tolerant at the equivalent moisture content; but with the organic matter
added, which greatly increased the equivalent moisture, there is no
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^00 1000 2000 3000 4000

no
manure '

s%
manure ^.•y^'.^T.^'^ _ „ _ _

manure ^TIj'^nil'^TsJ'r^T^""^""'^^

is%
manure '

manure

''^ontplant »—> =o.igm- dry mofler

DajCOj in p.p. m. of dry soil

500 1.000 3.000 5.000 1000 10000

manure ^<iy^^ilMzy^:^A_J^^jK^A.J^

— one plant 'O.iffmdrymofter

Hoj SQf in p.p. m. of dry soil

500 1.000 3.000 5.000 7,000 lO.OOO

monurs ^iy^zy<^^y<^'^^

manure _ _ _

manure. Q5^!5©^vJi^l(j^j^^
10% ~ ~

manure

IS 7,

manure

manure

*=ont plant ""^ '^ o.i ym. dry rftattcr

Fig. 13.—Diagram showing the number of wheat plants up and the dry matter produced in sand with
diJIerent amounts of manure containing sodium chlorid, sodium carbonate, and sodium sulphate added
in various concentrations. Soils manintained at an equivalent moisture content.

appreciable effect. All these results considered together seem to indicate
that loams are more tolerant than sands or clays, and that at the same
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moisture content the lighter loams are more tolerant; but if enough

more water is added to make them equally wet the heavier soils are

more tolerant.
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Fig. 14.—Diagram showing the number of wheat plants up and the dry matter produced in loam with

diCercnt amounts of chaff, containing sodium chlorid, sodium carbonate, and sodium sulphate added

in various concentrations. Soils maintained at an equivalent moisture content.



302 Journal of Agricultural Research Vol. XV, N o. s

Table I.

—

Average dry innifer of wheat {in O.OOOI gm.) produced in 21 days in sand and
clay mixtures, with no organic matter and containing sodium chlorid, sodium carbonate,

and sodiuin sulphate in various concentrations. Soils maintained at an equivalent

moisture content

Salt and concen-
tration.
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EFFECT OF ORGANIC MATTER

Another factor to be studied separately was the effect of the organic

matter of the soil on the toxicity of the alkali. The results given above
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Fig. 15.—Diagram showing the number of heat plants up and the dry matter produced in loam with
different amounts of peat containing sodium chlorid, sodium carbonate, and sodium sulpliate added in

various concentrations. Soils maintained at an equivalent moisture content.

seem to indicate quite strikingly that organic matter increases tolerance.

Several series of experiments were conducted to show the effect of a rich
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garden soil, sifted peat, and sifted manure in varying quantities on the

toxicity of alkali in sand at the same and at equivalent moisture con-

HqCI inp.p-m- of dry soil

400 1.000 2,000 J.000 tooo

no
manure^

manure '^^^^^^r^T^'^-^^J "^••••^•••^"^
•

'

manure '

manure ^^A^3^^*Cf''^^^I>^^^^^^^

manure ^

20^.
manure ^tfij

• = one plant -"^ = oigmdry mafUr

Dqj, CDj in p.p- mofdryso il

300 woo 3,000 S.OCO 7,000

20'X

manure

•= one plant = 0-1 om- dry matter

/lo^SO^ in p.p. m. of dry soi!

SOO 1,000 J.OOO 5,000 7,000 10,000

no
manure^V?^ "'y^'VA

manure ^

manure
'

manure
'

manure V^iy^^A^^^^ip?^^;/^!^^^^^^^^^

manure "^^^^h^^f^Jj^zb^^i^^^l^T^lMz^^
• = ont plant ^-« = o-iqnndrY matter

Fig. i6.—Diagram showing the niunber of wheat plants up and the dry matter produced in 21 days in loam

with diEferent amounts of manure containing sodiimi chlorid, sodium carbonate, and sodium sulphate

added in various concentrations. Soils maintained at an equivalent moisture content.

tents and of fresh chaff, peat, and manure on loam. The peat used was

a rotted woody and leafy material deposited by Logan River. The

manure was fairly well rotted. The results are shown in figures 8 to i6.
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Additional organic matter seemed to increase the tolerance of the

soil for alkali if enough additional water was added to bring it up to an

equivalent moisture content, but increased the toxicity if the extra
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jfl(,_ 17 —Diagram showing the number of wheat plants up and the dry matter produced in 21 days in

sand maintained at different moisture contents and containing sodium chlorid, sodium carbonate, and

sodium sulphate added in various concentrations.

moisture was not added. The greatest effect was produced by the peat

probably because it was the finest and could be most thoroughly incor-

porated into the soil. The results were more noticeable in the case of

the carbonates than in that of the two other salts.
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EFFECT OF MOISTURE CONTENT

In order to test more completely the effect of different moisture con-

tents on the toxicity of the alkali salts, a separate series of experiments

was conducted using many of the soils used in the other experiments at

different moisture contents. These varied between the lowest and

highest extremes at which seeds could be made to germinate.
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Fig. i8.—Diagram showing the number of wheat plants up and the dry matter produced in 21 days in

sand and loam maintained at diflcrcnt moisture contents and containing sodium chlorid, sodiimi car-

bonate, and sodium sulphate added in various concentrations.

The results which are given in figures 17 to 26 show that the resist-

ance was increased with the increased moisture content up to the point

of excessive moisture for plant growth. This was the most noticeable

correlation observed in all these investigations. Two additional series

were conducted on the plan of duplicating tumblers and using only four

concentrations. In the first, the salt content of each set was the same
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on the basis of the dry soil, but the moisture content varied. In the

second, the soils were made up with different amounts of the same solu-

tion, the concentration being maintained by adding water as it was lost

HaCL in /ap m. of dry soil

400 1000 ZfiOQ J.000 4,000

moisture ^^j:;KlJKLAlJK.J\..yKy^

moisture ^^^Jp^^^^^^^^^ly^Z^^'^y^

moisture v^**/^^^^'^'^ —-'

moisture ^5
• w cne plant ^"— « ai gm drf matter

12 f,

moisture

HoiCOj in p.fim of dry soil

JfiOO 5,000 ipoo lopoo

\^M*/<jMiy<y^

» «> ent plant ' ^ o./ym try matter

/lotSO, in p.p.m of dry soil

500 1.000 Jfioo Spoo wo «!**'

moisture ^^^^kzMlkSKjKjkJ^

moisture ^^^^^^^^Jy^H^^^b^^Zir^ZSMy^^

20%
moisture

moisture ^^^^^y^*^f^^^b^^^^^ll^^^^y^^^

• — «/!» plant ^n^ -moigfn dr-y mafttr

Fig. 19—Diagram showing the number of wheat plants up and the dry matter produced in 21 days m
loam maintained at different moisture contents and containing sodium chlorid, sodium carbonate, and

sodium sulphate in various concentrations.

by evaporation. This would give theoretically the same concentration

of salt in each case even though the percentage of moisture was varied.

The results are given in Tables III and IV. These show that with soils

having the same concentration of salts on the dry soil basis, the greatest

83814°—18 4
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resistance was found at the highest moisture content consistent with good

growth. In the second series, in which the theoretical concentration of

the soil solution was the same, different results were observed. In the

case of the chlorids and sulphates the toxicity was nearly proportional to

the strength of the solution, the best growth otherwise being with the opti-

mum moisture content. In the case of the carbonates, however, the

HaCL in pf>. m ofdry soil

400 ipoo ipOO ipOO 4,000

moisture V^^rxr?X>"^:>^!_^A^!^^^^

mo/sture

jor.
moisture

moisture

• • an* plant ^"mm ^ o i grn tfr> matter

t)ai COs in aDm of dry soil

300 1000 3.000 iplfo IPOO lOBOO

iov.

moisture

Z3t.
moiSTure

J0%
moisture

J5 7.

moisture
I ml One plant

i0 7a

moisture

^5 7.

moisture

JOT. ,

rr.vsture

JJ7.

moisture

HoiSOt in p m of dry ioil

iOO 1.000 J.ooo 5poo ipoo lopoo

©^©©©©OOOCOO

t plant ^^mm »» * igm. dry motttr

Fig. 20.—Diagram showing the number of wheat plants up and the dry matter produced in 21 days in

loam and clay maintained at different moisture contents and containing sodium chlorid, sodium car-

bonate, and sodium sulphate added in various concentrations.

greatest growth was where the least amount of solution, and conse-

quently of salt, had been applied. This shows that in the case of the

carbonates at least the concentration of the soil solution does not depend

directly on the proportion of salt to soil, or on the proportion of salt to

water, but on a combination of all these factors probably, depending on

the relative absorptive powers of the soil for the salt and for water.
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Table III .

—

A verage dry matter (in o.oooi gm.) produced in loam soil maintained at differ-

ent moisture contents and containing sodium chForid, sodium carbonate, and sodium
sulphate in various concentrations based on the dry weight of the soil

Salt and concentration.
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EFFECT OF ADDED SALTS ON CONCENTRATION OF SOIL SOLUTION

In order to get some definite conclusions as to the actual concentration

of the soil solution in these alkali soils under the conditions of the experi-

DaO inpp- m- of dry soil

400 1.000 2.00O J.000 f.OOO

moUure UCJULJLJv1a_JUvJvJLJ^
moisture \^S/^^zMlAzXlXlXJ^
j4«

moisture

moisture

^" CBCX[)©©gXX)CXX)moisture

• = one plant mmmm = o-igm-0rymatttr

DojCOj in p.p.m ofdry soil

JOO 1.000 J.OOO S.OOO 7.000 10.000

20%
moisture

Z17.
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moisture
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• = one plant i i == o-ipm. ary matter
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JOO 1.000 J.000 5.000 1,000 10.000
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moisture w"^lA_/^l>^_y^iy^>^A.^^

moisture

moisture

moisture W^iiA^!AJ^._A.A.A_/^JvlA_A_y
• = one plant mmmm s= o-iQ/n (fry matter

Fig. 21—Diagram showing the number of wheat plants up and the dry matter produced in 21 days in

clay maintained at diflerent moisture contents and containing sodium chlorid, sodium carbonate, and

sodium sulphate added in various concentrations.

ment, the freezing-point method described by Bouyoucos and McCool ^ was

used. The soils were dried and later made up to the moisture content

1 Bouyoucos, G. J. and McCool, M. M. the freezing-point method as a new means of meas-

uring THE concentration of the soil solution directly in the soil. Mich. Agr. Exp. Sta. Tech.

Bui. 24, p. 592-631 2 fig. 1916.
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used in the experiment. They were left standing in stoppered containers

for forty-eight hours. It was found that no regular results could be

obtained without this forty-eight-hour period of standing. The freezing

point was then determined by the method referred to above. From
solution experiments it was found that a gram-molecular solution of

sodium chlorid froze at —3.56° C, sodium carbonate at —4.58° C,

naClin ppm- ofdry soil

-^00 1.000 2.000 J.OOO 4:000

"' ©(I^5©00fS)00000mo/siure

zov.

moisture([^OCX^DdXDOOOO

jo% L*^fiL£>c*^'y.'^f.'Y Y'Y'Y'Y Y ^
moisture \^J^^l*Aj^J^lyK.:jK.lA^

• — ont plant "— ^= o-igm dry matter

HqiCOj inp.p. m. ofdry SOI I

SCO 1,000 J.000 Jjooo 7.000 10.000

moisture ^k:*M2/<^j:)^^
so%

moisture

2S%
moisture

J0%
moisture

©CXIXXXXXXXX)
©QCOOOOOOCXX)
@©©OCXX)OCXX)0
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IJ%
moisture
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moisture

Z57.
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J0%
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DogSQ^ inp.pmof dry soil

SOO 1.000 J,000 .5/300 7,000 10.000

OOCXSXXXDCOXD
u OCXD©GXX)00000

©(D©©(X)0(LXDOOO
• = one plant "^ =^ o.ifm dry metier

Fig. 22.—Diagram showing the number of wheat plants up and the dry matter produced in 21 days in

sand and clay maintained at different moisture contents and containing sodium chlorid, sodium

carbonate, and sodium sulphate in various concentrations.

and sodium sulphate at —4.37° C., the depression being directly pro-

portional to the concentration. With these figures it was possible to

calculate additional strength of the soil solution from the freezing point,

assuming it contained only the salt added. From this and the theoretical

strength, calculated from the amount of salt and water added, the rela-

tive adsorption of salt and of water could be calculated. It was found

necessary to use a check with each series for comparison, since some
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unknown factor caused a variation in all samples from day to day, but

on each day the relation between the check and the treatment was con-

sistent. It was found that the depression of the freezing point varies con-

sistently with the concentration and that duplicate samples checked to

DoCI in p.p. m- of dry soil

^00 1.000 Z.00O J.OOO 4.000

so%
moisture ^

rnoisture ^

ZTH
moisture

moisture ^^f^^^yh^zy^^^^^^y^^^^^:^^^::^^

J4?S
moistiirf. \^j\j\^sijA^rf^ _

' one plant ^^^ = o-igm-d/ymatter

20f.
moisture

2JV.
moisture

moisture

j/%
moisture

moisture

HojCOj in p.p. m. ofdry soil

SOO 1.000 JjOOO 5P00 7,000

one plant o-iqm- dry matter

10000

Po^SO^ in p.p.m. of dry soil

O SOO 1.000 J.OOO J.000 7,000 lODOO

zor.
moisture

'

moisture

Zl.'Z,

moisture K^'tJ^m

JITS
moisture

'

J4 %
moisture \»>tj^*/

• • one plant ^^" = o.iqm- dry matter

Fig. 23.—Diagram showing the number of wheat plants up and the dry maUer produced iu 21 days in

sand and clay maintained at different moisture contents and containing sodium chlorid, sodhmi

carbonate, and sodium sulphate in various concentrations.

within o.oi or 0.02 degree. The freezing point of soils used in preparing

figures 2,3, and 4 was taken, and the results were averaged for the differ-

ent content of each salt and for the different types of soil. The results

are given in Tables V, VI, and VII, which show the quantity of the salt
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added and the quantity that was determined by the freezing-point method
to be actually in the soil solution. In the case of the added sodium
chlorid it was noticeable that there is more salt shown than was added,
which indicates either that there was more water than salt adsorbed by

DqCI Inp-pm- (Sfdry soil

2P00 J.OOO fftOO

moisture V^Y.

moisture'^*!.

• = one plont = o.iam. dry matter

flOjCOt itip.p.mcfdry^oj/

SOQ 1.000 iOOO SOOO 1000 lOPOO

20% ~
moisture

23%
moisture

2Jf,
moisture

27%
moisture

moisture "^^^^^^^y^^^A^A^^^I^V^^^
* '^ one plant ^*^^ = c.i^m-dry motlcr

floj 5Qf in pp. m- of dry £oif

joo 1.000 sjjooo 5.000 7,000 10000

moisture ^^vj^jvjfe't^^y^.^^

moisture

25%
moisture '

27"!:

moisture '

21 "7.

moisture^ _ _ _

• = or)e plant ^"^^ = o-iqm ary matter

Fig. a4.—Diagram showing the number of wheat plants up and the dry matter produced m 21 days in
sand and peat maintained at different concentrations and containing sodium clilorid, sodium carbonate,
and sodium sulphate added in various concentrations.

the soil or that other substances were brought into solution from the soil
by adding the sodium chlorid. This effect reached a maximum at 2,500
p. p. m. of salt. There was no regular difference with the different
soil types. In the case of the sulphates, apparently not all of the salt
remained in solution except in the lowest concentrations. This was to
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be expected from the large amount of the crystalHne salt that appeared

at the surface of the tumblers of higher concentration. The sodium

carbonate shows the most interesting results. Over 80 per cent of the

lowest concentration (500 p. p. m.) has disappeared from the solution,

so far as its effect on the freezing point is concerned. It is also noticeable

that the greatest adsorption occurred in the Soils having the greatest

amount of organic matter as was to be expected from our other results.

The amount of the salt that could be detected in these soils by the ordi-

nary method of water extraction and titration is shown in Table VIII,

for comparison. The results agree remarkably well. This seems to

show that the organic matter in the soil not only neutralizes the basicity

of the carbonate but actually removes it from the solution altogether.

TablB V.

—

The hicrease in the concentration of the soil solution by adding sodium chlorid

in various quantities to different soils. Increase in concentration determined by the

depression of the freezing point and expressed as parts per m,illion of sodium chlorid in

dry soil

Soil. Concentration.

Aver-
age.

3,808
2,922
2,898
2,730
2,353
2, 251
I, 86s
i,8ii

1,545
1,620
1,829
1,719
1,509
1,997

Salt added, .p. p.m. 200 400 600 800 1 , 000 1 ,
500 2 , 000 2 ,

500 3 , 000 3 ,
500 4, 000

Sand 90,
Sand 80,

Sand 70,

Sand 60,

Sand 40,

Sand 30,
Sand 20,

Loam 90,

Loam 80,

Loam 70,

Loam 60,

Loam 40,

Loam 30,

Loam 20,

Loam lo,

loam 10.

loam 20

.

loam 30.
loam 40

.

loam 60.

loam 70.
loam 80.

, clay 10.

,
clay 20.

,

, clay 30.

, clay 40

.

, clay 60.

, clay 70

.

, clay 80

.

, clay 90.

231

527

395
263
231

33
231
66

33
132

165

560
650
856
296
650

593
560
132

428
231

165

296

395
132
626

1,284

1, 120
626
790

72s
650
461
428
494
362
296

527
362
790

1,251

1,515
1,284
1,087
1,021
988

1,087
692
560
692

494
659
889
659
922

,844
, 219

,437
,251

955
757
922

955
988
790

1,284

2,86s
2,569
2,601

2,009
2,470
1,976
1,844
1,614
1,647
1,284
1,350

1,51s
1,482
1,416
1,581

3,886
4,677
3,359
3,425
3,326
2,734
2,668
2,569

2,07s
1,482
1,811

2,470
1,811

2, 042

2,30s

5,302
6, 224
3>49I

4,446
3,952
3,195
3.326
2,832
2,602

2,07s
2,43 7

2,799
2,437
1,943
2.898

6,389
6,587
5-730
5,072
4,512
4,150
3,557
3,293
3-195
2, 700

2,964
3,063
3,030
3, 260

3,656

8,662
6,916
6,488
6,225

S, lOS

4,742
4,380
3-820
3-425
3,557
3-293
3,853
3-557
3-293
3-491

8,958
9,090
5,269
7-443
5,368
5,269
5,171
4,183
4,380

3,65s
3,985
4,084
3,623
2,668
4,018

Average. 438 654 2,709 3,331 4>077 4.720 S.149

Table VI.

—

The increase in the concentration of the soil solution by adding sodium car-

bonate in various quantities to different soils. Increase in concentration determined

by the depression of the freezing point and expressed as parts per million of sodium
carbonate in dry soil

Soil.



Nov.4. i9i8 Soil Factors Affecting the Toxicity of Alkali 315

TablB VII.

—

The increase in the concentration of the soil solution by adding sodium sul-

phate in various quantities to different soils. Increase in concentration determined by
the depression of thefreeziyig point and expressed as parts per million of sodium sulphate
in dry soil

Soil. Concentration.

Averj
age.

6,775
7.03I

5-980
5- 900
5.884

4.779
4,026
3.806
3.638
3,636
3,224
3,557
2,660

3,349

Salt added, .p.p.m. 500 1,000 2,000 3,000 4,000 5,000 6,000 7,oco 8,000 9,000 10,000

Sand 80,

Sand 70,

Sand 60,

Sand 40,

Sand 30,
Sand 20,

Loam 90,

Loam 80.

Loam 70,

Loam 60
Loam 40
Loam 30
Loam 20
Loam 10

loam 20.

loam 30.
loam 40

.

loam 60

.

loam 70.

loam 80

.

, clay 10.

, clay 20.

, clay 30.
clay 40

.

. clay 60.

, clay 70.
I, clay 80.

clay 90

.

1,306
2,743
784
261

849
914
588
784
391
784
719

2,613

2,090
2,155
1,698
1, 110

849
1, 241

1,045
784
719

I, 241

719
1,306
784
613

98s
3,789
3,070

894
678

2, 221

090
698

1,960

894
960

1,829
980
045

6,663
4,703
4,376
2,874
3,397
2-939
2, 809
2,548
2,939
2,482
2,090
2,678
1,502
1,894

8,492
9,472
7,051
4,638
4,246
4.050
3-266
3,201
2. 809
3,331
3,00s
3; 005
1,829
1,960

9,863
9,798
9,014
6,597
5,095
5,160
4.050
4,181
3,723
3,593
3.331

3,397
2.678
2,678

9,994
4,512
7,708
8,165
5,748
4.703
4-442
3,723
4,181
3, 266

3-985
3-331
3,919

9,602
9,341
9,994
8,230
9, 210
6,663
5-095
4,964
4,703
4,703
3-789
4,311
3-593
4. 115

7,838

9,733
9, 145
9,080

9,537
6,989
6,597
5,618
6, 205

5,356
5, 160

S>552.
3-984
4,246

7.773
7,773
7,773
9,537
9, 602

7,969
6,662
6, 205

5,879
5,814
5,291

S,6i8
4,442
5,878

8,034
7,838
8,361
13,000
II, 104
9,798
7,381

7,447
6,933
6-597
6. 140

6,597
5.291

5,879

Average. 1,314 2,221 3,135 5i233 5,468 6,308 6,788 6,872

Table VIII.

—

Amount of sodium carbonate that could be detected by water extraction in

different soih to which it had been added in various quantities

Soil. Concentration.

Aver-
age.

Salt added, .p.p.m. 500 1,000 2,000 3,000 4,000 s.ooo 6,000 7,000 8,000 9,000 10,000

Sand 90,
Sand 80,

Sand 70,

Sand 60,

Sand 40,
Sand 30,

Sand 20,

Loani 90
Loam 80
Loam 70
Loam 60
Loam 40
Ivoam 30
Loam 20
Loam 10

loam 10.

loam 20.

loam 30.
loam 40

.

loam 60

.

loam 70.
loam 80.

, clay 10.

clay 20

.

clay 30.
clay 40.
clay 60

.

, clay 70.

, clay 80.

clay 90

.

170
250
148
170
42
170

85
170
170
254
60
170

S94
381

275
255
254
170
170
212

212

339
255

254

467

891
896
615

552

551
636
510
467
466
806
721

424
339
442
594

1,484
1,399
1-293
1,018
848
976
934
848
805

1,060
1,188

424
593
823

1,442

2,417
2,077
1,674
1-527
1, 229

1,31s
1-315
1,018
1, 102

1,230

1,357
1,187
996

1,205

3,859
2,059
2, 141

1,993
1,696
1,654
1,485

1,569
1,314
1,696
1,781
1,654
1-738
1,586
1,569

3,307
3,477
3,243
2,375
1,865
2,078
1-951
1-823

1,865
1.908
2,078
1.696
2. 120
1,671
2.078

5,682
3,010
3,582
3.223
2, 289

2,714
2. 121

2,035
2,077
2,020
2,460
1,866
2, 162

2,350
2,714

5, 088

4,452
4-346
4, 113

2,883
3,265
2,801

2,544
2,628
2,671
2,672
2,205

3-09S
2,774
3-096

6,784
5,427
4,388
4,601

3,519
3,774
3,478
2,841
3,095

3,09s
3,265
3,350
2,756
3,198
3,816

6,784
6,445
5,109
4,198
3,731
3,859
3,732

3,26s
3-392
3-731
3.901
3.901
3-604
3,961
4.240

3,369
2, 716

2,437
2,184
1,718
1,874
1,689
1,530
1,545
1-695
1.804

1,557
I, 609
1,644
1,916

Average. 1,009 1,369 1,853 2,236 2,687 3,242 3,826 4,257

RELATIVE TOXICITY OF THE SALTS

Turning our attention to the relative toxicity of the three salts and

averaging together the yields of dry matter from all tumblers in series

having the same salt content, we obtain the results shown in figure 27,

which shows the percentage of normal yield from all soil types and

moisture contents for each concentration of each salt as added. It will

be noticed that up to 1,000 p. p. m. all the salts are beneficial in the

action, the carbonate being especially so. After 1,500 p. p. m. all the

salts become increasingly toxic, the chlorid most so and the sulphate least,

with the carbonate about halfway between.

Two very noticeable features of these results are that the chlorids

average about twice as toxic as the carbonate on a basis of what was
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added, and that there is notable discrepancy between the carbonate
added to the soil and the amount as determined by water extraction.
It would seem that these might to a certain extent be offered as a mutual

rioCt in p-p-m- otdry soil
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Fig. 25.—Diagram showing the number of wheat plants up and the dry matter produced in 21 days in
loam and peat maintained at different moisture contents and containing sodium chlorid, sodium
carbonate, and sodium sulphate added in various concentrations.

explanation of one another. Neither of these peculiarities was observed
in our studies with sand.

Practically all of the results showing the carbonates to be more toxic
than the chlorids have been obtained from studies in solutions and in
sand cultures or from field studies where the salt has been determined
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by water extractions. This extraction in experiments of this kind does

not show all of the alkali carbonates that have been added. In averaging

all the determinations it will be seen that less than half of the salt added

was extracted. While this is not enough to change the results to the

DoCI inp-p-m-ofdry soil

^00 1000 2.000 J.000. ffioo
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moisture

'

moisture ^
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moisture '

moisture

29%
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moisture

' = one plant = o-ifm- (fry matter
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soo 1.000 jjooo j.ooo zooo moo
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Fig. 26.—Diagram showing the number of wheat plants up and the dry matter produced in 21 dajs in

loam aud manure maintained at different moisture contents and containing sodium chlorid, sodium

carbonate, and sodium sulphate in various concentrations.

customary statement that the carbonates are twice as toxic as the

chlorids, it shows possibilities in this direction. The method of extracting

was as follows: Fifty gm. of the oven-dry soil were added to 500 cc. of

distilled water and stirred with a wooden paddle for five minutes. The
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solution was allowed to settle for an hour and filtered through a Pasteur-

Chamberland filter. Ten to fifty cc. of the clear solution were titrated

with NI50 sulphuric acid, with methyl-orange as indicator and the

results expressed as sodium carbonate. In cases where there was much
organic matter in the soil the solution was very black, but by diluting

with neutral water to a yellowish-brown color the end point could always

be distinctly observed by one accustomed to making the titration. It

was found that this method gave as nearly complete an extractidn as

Fig. 27.—Graphs showing the percentage of normal yield of dry matter of wheat produced in 21 days with

various concentrations of added sodium chlorid, sodiiun carbonate, and sodium sulphate. Average
of all trials.

any method of cold-water extraction that we could find, but the solution

was never complete. Since most field studies are made by water extrac-

tions, this may offer a partial explanation of the unusual nature of our

results.

SUMMARY

(i) There is a great need for definite information regarding the toxicity

of alkali salts in the soil.

(2) This paper reports about 12,000 determinations of the effect of

alkali salts on plant germination and growth under different conditions.

(3) Size of particles of a sand independent of other factors does not

seem appreciably to influence the toxicity of alkali.
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(4) Loam soils are more tolerant of alkali than either sand or clay.

The coarser loams are more tolerant than the finer at the same moisture
content, but if the heavier loams are maintained at an equivalent moisture
content they are more tolerant.

(5) Organic matter increases the resistance to alkali when the soil

containing it is given sufficient moisture, but where present in large

quantities organic matter decreases the resistance if the moisture supply

is low.

(6) Increasing the moisture content of a soil up to the maximum that

will produce good crops increases resistance to alkali.

(7) The toxicity of sodium chlorid and sodium sulphate seems to

depend to quite an extent on the relation between concentration of salt

and percentage of moisture present, while the toxicity of sodium car-

bonate is more largely affected by the presence of organic matter.

(8) Organic matter in the soil seems actually to remove sodium car-

bonate from the soil solution in large quantities.

(9) This probably explains why in experiments where sodium carbonate

is added to a loam soil, it is less toxic than sodium chlorid, while in field

studies where the salt is determined by analyses, and in solution and
sand culture studies the sodium carbonate is more toxic.

Practical conclusions that may be drawn from these experiments are:

(i) Loam soils and soils with a high water-holding capacity may be

successfully farmed at a higher alkali content than others.

(2) Soils in which alkali reduces crop yields should be kept as moist

as is compatible with good plant growth.

(3) Manure, or other organic matter, should be beneficial to alkali

soils, especially those high in carbonates.
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SOIL ACIDITY AS AFFECTED BY MOISTURE CONDI-
TIONS OF THE SOIL

By S. D. Conner *

Associate Chemist in Soils and Crops, Purdue University Agricultural Experiment Station a> "^V ''^<

<^> h
INTRODUCTION O^ <Vy ^^'

In an investigation of soils from tiled and untiled land it has been '"^

found that the drained was not as acid as the undrained soil (2)} To
throw more light on the effect of moisture on soil acidity, five typical

acid Indiana soils were selected for investigation under controlled mois-

ture conditions: Soil A, a yellow silty clay from Jennings County; soil B,

a whitish silt loam from Jennings County; soil C, a brown silt loam from
Tippecanoe County; soil D, a black peaty sand from La Porte County;

and soil E, a dark-brown peat from De Kalb County.

Equal quantities of each of these soils, the analyses of which are given

in Table I, were kept in pots in the greenhouse at full water-holding

capacity, at one-half water-holding capacity, and at one-fourth water-

holding capacity. Other portions of each soil were taken when pots

were filled and kept in an air-dry condition in the laboratory. The
pots were of galvanized iron of 770 cubic inches capacity, heavily coated

on the inside with paraffin. The soil in each pot was kept rnder the

desired moisture conditions by weighing them two or three times each

week and replenishing the evaporated moisture with pure distilled water.

The water-holding capacity of each soil was determined by placing a

perforated bottom cylinder containing about 100 gms. of loose dry soil

in a vessel of water and allowing the sample to become thoroughly satu-

rated, then weighing. The soils fully saturated with water soon became

more or less puddled, and the moisture determinations of these samples

taken at the end of the test showed less than the calculated percentage

of water. The moisture determinations of the samples with one-fourth

and one-half water-holding capacity were approximately the same as the

calculated percentages. The soils were placed in the pots February 27,

1917, and the experiment was continued for one year, after which they

were sampled by means of a soil tube, taking a vertical core of soil to the

full depth of the pot. Each sample was thoroughly mixed and divided

' Reference is made by number (italic) to ' 'Literature cited," p. 329.
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into two portions, one of which was sealed in an air-tight jar. The other

was spread out and air-dried in the laboratory. Moisture was determined

in both the moist and the air-dry samples. Acidity was determined by the

Hopkins potassium-nitrate method,^ by the C. H. Jones calcium-acetate

method (4), and by the ethyl-acetate method (i). The results of these

determinations are given in Table II. In making the acidity determina-

tions, the moisture contents of the soils were taken into consideration so

that the proportions of dry soil to water and reagent used in making the

tests were the same for all samples of both wet and air-dry soils.

Table I.

—

Analyses of soils used

Determined."

Volatile matter
Potassium oxid (KjO)
Calcium oxid (CaO)
Magnesium oxid (MgO)
Manganese oxid (Mn304)
Ferric oxid (Fe^Oj)
Aluminium oxid (AUOa)
Phosphorus oxid (P265)

Sulphate (SO3)
Residue

Nitrogen
Humus (acid) *>

Humus c

Hygroscopic moisture
Acidity:

Potassium-nitrate method <i
. lb

Calcium-acetate method <i
. Ah

Water-holding capacity «

Per cent.

3- 57
.27
. 18

.40

.08
3.68
4.68
•OS
. 12

87.76

.07

•73
.70
1.50

5.460
5.875
48.6

B.

Per cent.

3-92
•25
•17
.24
.04
1.28
2.80
.06
. 10

92-57

. 12

1-31
I. 17

1.30

2, 220

4,875
48.7

Per cent.

7-45
.40

•37
.61

•17
3- 04
4-57
•15
. 16

83.42

. 22

2. 25

3- 13

1.84

460
8,125

55- I

Per cent.

10. 13

. 21

. 10

•23
.04

I. 04
3-09

. 10

. II

85-50

Per cent.

85.20
• 17

.46

. 20

. 02

.48
•85
• 13

•31
12.31

.40
5-72
4.96
I. 90

2, 520
10, 625

67. I

2. 04
50- 19
52. 00
8.38

5,080
69, 750
200. O

o Wiley, H. W., ed. official and provisional methods of analysis, associ.^tion of oFFicLiU, agri-

cultural CHEMISTS AS COMPILED BY THE COMMITTEE ON REVISION OF METHODS. U. S. Dept. Agr. BUT.

Chem. Bui. 107 (rev.), 272 p., 13 fig. 1908. Reprinted, 1912.

b Ammonia soluble without previous washing with dilute hydrochloric acid.

c Washed with hydrochloric acid, digested with ammonia, filtered, and refiltered till clear.

^ Pounds of calcium carbonate required to neutralize 2,000,000 pounds of soil.

e Water-holding capacity in grams of water per 100 gm. of dry soil.

In studying the results given in Table II, the following rather striking

points are noted

:

In each soil the degree of acidity, as indicated by all the methods used,

was greater when the soil was held at one-half water-holding capacity

than when it was held at one-fourth water-holding capacity.

All the soils which had been carried at one-half water-holding capacity

were more acid than they were at the beginning of the experiment. This

is in accord with the results obtained by Noyes and Yoder (5).

The soils high in organic matter gave greater acidity when held at full

water capacity than when kept one-half saturated with water. The soils

low in organic matter gave a lower degree of acidity when kept at full

water than when kept at one-half water-holding capacity.

' WiLEV, H. W., ed. OP. CIT.
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Table II.

—

Relative acidities of soils with different moisture conditions, and changes
due to drying

Soil.

A«...

B..

Moisture treatment

Potassium-nitrate
method."

Moist. Dried. Change

3>950
Si 67s
8,000

S»46o
4, 160
6, 150

3.475

2, 220
I, 720
3, 100

3.725
1.775

460
360
650

975
450

2,520
2,360

3.12s
3.62s
1,850

5. 080
5,000
4,000
5.400
6, 720

+ 25
+ 100
— 42s

— 75— 25
— 1,700

+ 250
+ 325
-1.850

+ so
— 275
— 1,280

Calcium-acetate method.'

Moist. Dried. Change

9.500
7,000

6,250
7.500
6, 500

8,000
8,750
6,250

10,750
II, 500
12,000

63,500
72,500
76,000

5,875
7, 000
9.000
6,250

4.875
5, 000
6, 250
7,000

5,500

8,12s
7,500
9,000
10,000
5.000

10,625
9,500
13,000
12, 500

9,500

69. 7SO
66,000
63.500
65,000
69,500

— 500
— 750

- 500
-1,000

-1-1,000

-1-1,250
— 1, 250

+ 2, 250
-|-i,ooo

—2,500

-7.500
-6,500

Ethyl-acetate method.''

Moist. Dried. Change.

0.0011
.0009

• 0034
.0038
. 0026

. 0027

. 0029
0025

.0081

. 0090

.0090

.0081

.0103

.0120

o. 0006
.0006

.0011

. 0017
• 0013

• 0013
• 0013
. OOII

.0050

.0050
• 0055

.0064

. 0064

.0060

-0.0005
- .0003

. 0023
0021

• 0013

.0014

.0016
0014

• 0031
.0040

003s

. 0017
• 0039
.0060

» Results expressed in pounds of calcium carbonate required for 2,000,000 pounds soil.

t> Ten gm. of soil were placed in 100 cc. of pure 5 per cent ethyl-acetate solution and shaken at frequent
intervals. The solutions were kept in a thermostat at 27° C. for 24 hours. Then 10 cc. of the supernatant
liquid was removed and titrated with NI20 sodiimi hydroxid, phenolphthalein being used as the indicator.

The figures reported are the constants calculated from the formula K^ijt (log aja-x), where a equals grams
of ethyl acetate at start and a-x equals grams of ethyl acetate left at t (one day). The constant for Njifioo
acetic acid carried under like conditions was o. 0004 and for Nil,000 nitric acid it was 0.0039. These con-
stants are relative only. Autocatalysis was noted in longer time reactions, but this factor has been ignored
in the calculations reported.

c There was not enough of soil A, and the one-fourth water-holding capacity f)Ot was omitted.

When the samples of moist soil taken at the close of the experiment were

air-dried, those samples that had been kept saturated decreased markedly

in acidity according to all methods used. When the samples kept at one-

fourth and one-half water capacities were air-dried, all deceased in acidity

according to the ethyl-acetate method, but the Hopkins and Jones

methods gave both increases and decreases in acidity. While the acidity

was generally decreased when the soils were air-dried, the degree of acidity

equilibrium reached varied to a large extent, owing to the condition of

equilibrium caused by the variation in moisture content at which the soil

had been held. For instance, while undried soils containing much

organic matter gave a higher acidity at full water than at half water

capacity, these same soils when air-dried gave a much lower acidity after

being held at full water than when held at one-half water-holding

capacities. This reversal in order of acidity is not so apparent with soils

low in organic matter.

Preliminary tests were made on the soils from samples taken nine

months from the beginning. The results obtained with the samples

from the pots of fully saturated soil show the extreme sensitiveness of
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soils to slight variations in moisture. The sample of fully saturated

soil C, taken at nine months, lost some moisture before it was determined,

in which condition it had 27.2 per cent of water and 400 pounds' acidity

by the potassium-nitrate method. Three months later a sample of soil

from the same pot had an acidity by the sam.e method of 2,150 pounds

with 30.6 per cent of water. The soil from this pot showed but a slight

trace of iron in the potassium-nitrate extract with 27.2 per cent of water

and a very large amount with 30.6 per cent of water. This increase in

acidity and of soluble iron appears to be due to the fully satuated con-

dition rather than the longer time elapsed.

The relative acidities of the various soils, high or low in organic matter,

gave quite wide variations with the different methods. In general, the

potassium-nitrate method measures mineral acidity, owing to acid-re-

acting silicates, and to a less degree it measures acid organic matter in

the soil. The calcium-acetate method, on the other hand, measures

acidity due to acid-reacting silicates, and in addition it responds readily

to acid organic matter. With soils high in organic matter the results

due to this method are influenced by organic matter more than by acid

silicates. Water-soluble acidity only slightly affects the results shown

by either the potassium-nitrate or the calcium-acetate methods. The

results shown by the ethyl-acetate test are very largely in proportion

to the strength of the water-soluble acidity of the soil. These results

would be affected by nitrates, sulphates, or chlorids of aluminium, iron,

and to a slight degree by manganese salts; also by any soluble acid re-

acting organic matter. Pure silicates which show a very high acidity by

other methods and which are not soluble in water do not affect ethyl

acetate at all (7).

In titrating the potassium-nitrate acidity determinations, quite dis-

tinct differences were noted in the character of the precipitates formed.

In order to study this point, determinations were made of the metals

which had been dissolved in the reactions between the normal potassium-

nitrate solution and the soil. Table III gives the bases and soluble silica

found in 100 cc. of potassium-nitrate extract from both the wet and the

air-dried soils ; also the increases or decreases of soluble matter found on

air drying the soil samples. These results show that considerable iron

was made soluble when the soil was kept fully saturated. This soluble

iron was apparently all in the ferrous state. After the soils were air-dry*

the iron was very quickly and almost completely oxidized, as the air-dry

soil showed but little soluble iron. This chemical change in the con-

dition of the iron undoubtedly accounts for a large part of the decrease in

acidity caused by drying the fully saturated samples. Soluble iron is

seldom found in soil solutions in very large amounts, which is undoubtedly

due to the fact that the usual procedure in preparing soil samples for

analysis is first to air-dry them, allowing ample opportunity for the

oxidation of the iron.
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Table III

—

Soluble oxids in normal potassium-nitrate extract of soils with changes
due to drying

[Results expressed as grams of oxids per 100 cc. of extract from acidity determinations]
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The soluble aluminium decreased when the fully saturated soils con-

taining much organic matter were dried. With soils B and D, one-

fourth and one-half saturated with water, the soluble aluminium in-

creased on air-drying. This is in accord with the acidity, which likewise

increased when these soils were dried. Different investigators have

endeavored to correlate the amounts of soluble aluminium and iron

with the degree of acidity as obtained with the potassium-nitrate method.

The results given in Tables II and III show a certain correlation along

this line, but it is very apparent that the titrated acidity can not be

entirely explained on the basis of the amount of potassium-nitrate solu-

ble aluminium and iron. This acidity is apparently partly due to solu-

ble acid organic compounds in addition to the iron and aluminium

compounds.

The amount of calcium in solution varied to a large degree in inverse

relation to the aluminium and iron. In all the soils, except the peat

(E), the solutions from the air-dried soils contained more calcium than

did those from the undried soils. Magnesium and soluble silica showed

no striking variations due to the varied moisture conditions.

The changes shown in the degrees of acidity and also the differences in

the amounts of soluble bases occurring when the soil samples are air-dried

indicate the importance of further study of soils and soil reactions on

samples which are kept under field moisture conditions. Some of the

reactions which occur when soils are dried are apparently very rapid

and so slowly reversible that the composition of dried soils may be quite

different from that of field soils.

MOISTURE REACTIONS OF ACID SOILS

It has been noted by different investigators that carbonated water

will extract from a mineral soil a solution that on boiling to drive off

the carbon dioxid will be alkaline to phenolphalein. This fact can

hardly be taken as proof that the soil moisture is not acid or that the

soil acidity has been regulated by the formation of carbonates. Such

an extraction of bases by an acid is, of course, to be expected from the

laws of chemistry, but it does not tell in what state of equilibrium the

soil bases may have been before they were extracted. Recent re-

searches would indicate that the soil moisture of acid soils is distinctly

acid and not basic in reaction. Gillespie (j), working with the hydrogen

electrode, has found that solutions of acid soils are distinctly acid in

reaction. Sharp and Hoagland (6) likewise found that there is an excess

of hydrogen ions in solutions of acid soils. In addition they say

:

Soils containing calcium in equilibrium with HCO:^ and CO2 have a very slightly-

alkaline reaction

and

The figure for Ca (HC03)2 is almost identical with those obtained for the alkaline

soils.
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Truog (7) and Meacham found that the reaction of the plant sap of a

number of agricultural plants was always acid. As most plants will

grow in slightly acid soils and in slightly acid water cultures, it does not

seem necessary nor even possible that in such cases calcium is first

transformed into bicarbonate before it is assimilated. As a result of

varying the moisture conditions of acid soils it is very evident from the

results given in Tables II and III that chemical reactions take place as

different conditions of equilibrium due to moisture and aeration are

established. These reactions are in the nature of reduction, oxidation,

and hydrolysis as well as interactions following the law of mass action

between compounds which may be made chemically active. All of these

chemical changes in the soil cause variations in the degree of water-

soluble acidity, as shown by the ethyl-acetate reaction as well as of the

less-soluble acidity which is shown by the soluble-salt methods. These

changes would no doubt also affect the toxicity of acids and other com-

pounds in the soil. For instance, it may be readily seen that the oxida-

tion of iron in the soil from the ferrous to the ferric condition would

reduce toxicity as well as acidity. Acid marsh soils containing much
iron are unproductive until some time after they have been drained.

These soils when properly drained become quite red from oxidized iron,

in which condition they are much more productive. This fact is a matter

of common knowledge among observant farmers in such regions. It is

undoubtedly true that soil processes in which carbon dioxid is evolved

also produce material changes in soil acidity (5). Nitrification also

increases water-solubility acidity. These biological reactions, of course,

depend materially upon soil-moisture conditions.

FACTORS AFFECTING SOIL ACIDITY

Primarily soil acidity is due to an excess of acid-reacting compounds,

or, in other words, to a deficiency of bases. This deficiency of bases is

caused to a large extent by the leaching of the calcium and magnesium
in the drainage waters. A lesser factor is the removal of mineral bases

by crops. Under ordinary conditions of decay the carbonaceous and
nitrogenous matter of plants takes on an acid character, tending to

neutralize bases in the soil. The acidity of peat soils is very largely

organic, as shown by the fact that the ash of the most acid peat is basic

in reaction. In mineral soils there is an enormous excess of silicic oxid.

This silicic oxid when free is insoluble and inactive as an acid; but it is

potentially acid, and under humid conditions tends to form chemically-

active acid-reacting silicates of iron, aluminium, and manganese. The
degree of acidity of aluminium silicate is in proportion to the ratio of

silicic oxid and aluminium oxid and also to the amount of combined
water the silicate contains (j). Everything else being equal, the more
water there is in the silicate, the more active it is chemically and the

more acid it is in reaction. The measurable acidity of the organic matter
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of soils is also increased in the presence of an excess of water, as indicated

from the results obtained with soil E. Drainage conditions will modify

the acidity of either an organic or inorganic soil, and this will have an

effect on soil fertiUty. Of course with soils well suppUed with calcium

and magnesium, poorly-drained soils would not become acid until a

part of the bases were dissolved and washed away.

SUMMARY

(i) Five different types of acid soils were kept under different moisture

conditions in pots in the greenhouse for one year. Portions of soil were

kept one-fourth saturated, one-half saturated, and fully saturated; also

in an air-dry condition.

(2) Acidity determinations were made by the Hopkins potassium-

nitrate method, the C. H. Jones calcium-acetate method, and the ethyl-

acetate method. Samples of soil from each pot were tested for acidity

both in the moist and in the air-dried condition. The potassium-nitrate

extracts were analyzed.

(3) The degree of soil acidity measured by the different methods

varied with different moisture conditions.

(4) With each soil and each method used the samples which had been

kept half-saturated were higher in acidity than they were at the start

of the experiment. The acidity of the half-saturated soils was greater

than the acidity of the fourth-saturated soils.

(5) The soils high in organic matter showed the greatest acidity when

kept fully saturated. The soils low in organic matter showed the

greatest acidity when kept half-saturated.

(6). When the moist samples of soil taken at the close of the experi-

ment were air-dried, the fully-saturated samples showed loss of acidity.

The half- and fourth-saturated samples showed both gains and losses in

acidity when air-dried.

(7) The potassium-nitrate extracts of the fully-saturated soils con-

tained much larger amounts of iron than extracts of other samples.

This soluble iron was in the ferrous form and was oxidized and made

insoluble when the soils were dried.

(8) With the mineral soils the fully saturated soils had much greater

amounts of soluble manganese than the other samples. Drying the

soils did not render the manganese insoluble as it did the iron.

(9) There was less soluble aluminium in the fully saturated minera

soils, but with the soils high in organic matter this was not true. There

was both increase and decrease of soluble aluminium on drying the soils.

(10) Calcium, magnesium, and silica showed variations in solubiUty

owing to different moisture conditions, but the variations were not as

striking as those of iron, manganese, and aluminium.
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(11) In correlating the soluble iron and aluminium with the acidity

obtained from the potassium-nitrate extracts, it was apparent that the

titrated acidity could not be entirely explained on this basis. Doubtless

this acidity is partly due to soluble acid organic compounds.

(12) The measurable acidity of acid soils varies to a large degree

under different conditions of moisture and aeration. These variations

are due to chemical rather than physical changes in the soils.

(13) The extreme sensitiveness of the chemical compounds of soils

and the wide variations caused by changing moisture conditions leads

to the conclusion that some soil investigations should be conducted

with undried samples.

(14) The soil moisture of acid soils is acid in reaction as shown by
hydrogen-ion determinations. As the cell sap is also acid it is not

necessary to consider that calcium is first changed into the form of

bicarbonate before it can aid in nitrification or be assimilated by plants.

(15) A condition of acidity is produced in humid soils due to the leach-

ing of the strong basic elements in the drainage water, by the removal

of bases in crops, by the decay of carbonaceous and nitrogenous sub-

stances, and by the hydrolysis of mineral compounds and organic matter.
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DETERMINING THE ABSOLUTE SALT CONTENT OF
SOILS BY MEANS OF THE FREEZING-POINT METHOD

By George J. Bouyoucos, Research Associate in Soils, and M. M. McCool,
Professor of Soils, Michigan Agricultural Experiment Station

When the idea was first conceived of using the freezing-point method

(sy for measuring the concentration of the soil solution directly in the

soil mass, the first problem which was desired to investigate was the

absolute salt content of soils. It was thought that if the method proved

successful it would afford a unique and excellent means of determining

the absolute salt content of soils and thus yield very important and

fundamental data on the comparative absolute salt content of soils.

When it was discovered, however, that the soils cause water to become

unfree and that this unfree water influenced greatly the concentration

of the soil solution (2), then a direct comparison of the absolute salt

content of soils had to be abandoned, and the investigation was con-

fined to determining the actual concentration of the soil solution of a

soil at any given moisture content. In this case it did not matter if

the unfree water influenced the concentration as long as it was the actual

concentration which existed in the soil solution.

It was realized, however, at the very beginning that for comparative

studies the error caused by the unfree water was greatly minimized

when a high moisture content was employed. For making a comparison,

therefore, of the effect of application of salts upon the concentration of

the soil solution (j, 4) for determining the hme requirement of soils (z),

and for measuring the velocity of the reaction between soils and chemical

agents (5), high moisture content or an excess of water or solution vv'ere

employed. In studying the diffusion of salts in soils McCool and Wheet-

ing (8) also employed a high moisture content in making freezing-point

determinations.

On account of the rather small concentration of the soil solution of

natural-normal soils at very high moisture content, however, no attempt

was made at the beginning to make a direct comparison of the absolute

salt content of soils. It was feared that on account of this rather small

concentration and on account of the influence of the unfree water, the

results would not be dependable, and possibly misleading. If the con-

centration of the soil solution were rather high at the high moisture con-

tent, any small errors that might enter in the determination would

probably not have been serious.

' Reference is made by number (italic) to " Literature cited," p. 336.
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In conducting an investigation during the past year and a half to study

the rate and extent of solubility of soils by means of the freezing-point

method, it was noticed that when different classes of soil were washed

until their soluble salt content was greatly reduced, their lowering of the

freezing point was practically identical. For instance, the freezing-

point lowering of heavy sandy loams, loams, clay loam, and clays would

be about 0.007° C. and that of sands and light sandy loams about 0.005° C.

This identical depression of the different classes of soil suggested at

once the idea that at a comparatively high moisture content the influ-

ence of the unfree water on the concentration of the soil solution was

practically negligible, if not entirely absent. This idea led immediately

to the belief that at a high moisture content or in excess of water the

freezing-point method could be used to determine the absolute salt

content of all normal soils with a high degree of accuracy, and thus

afford a comparison of their relative absolute salt content. This belief

has been amply confirmed.

There appeared one factor, however, which was thought might prevent

the realization of this method, and that is the effect of air-drying upon

the water soluble material of soils. It has generally been believed that

air-drying causes an increase in the quantity of the water soluble material

of soils. It was thought, therefore, that if air-drying did exert this

influence to any appreciable extent then the method could not be used,

at least very conveniently, as the procedure required the soils to be dry.

The recent work of Hoagland (7), however, made it very probable that

air-drying has practically no effect upon the concentration of the soil

solution.

Since it was discovered that at a high moisture content the concen-

tration of the soil solution could be determined by means of the freezing-

point method with a very high degree of accuracy, it was decided to

investigate the influence of air-drying upon the water soluble material

of soils. The problem was investigated as follows : Samples of different

classes of soil were taken from the field and washed with distilled water

until practically all their free soluble salts were eliminated. As a rule,

a loo-gm. sample was washed, by the percolation process, with 500 cc.

of water. A portion of the washed sample was placed in the freezing

tube and its freezing-point depression determined. The remaining por-

tion was placed in the room or in the sun and allowed to dry. When
thoroughly dried, 15 gm. of it were weighed out and poured in the

freezing tube containing 10 cc. of distilled water and its freezing point

lowering determined as before. Care was always taken to have the

moisture content in both cases about the same. The study involved

a large number of soils representing many types and all classes. In

Table I are presented the results from a few representative soils employed.
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Table I-

—

Effect of air-drying upon the freezing-point lowering of soils

Soils.
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For accomplishing the latter the tube is placed directly in the ice mix-

ture having a temperature of about -2.5° C, and the soil is stirred con-

stantly with the Beckmann thermometer until the temperature falls to

about I degree above the zero point of the thermometer. Then it is

allowed to remain undisturbed until the temperature falls to about 0.5

degree below the zero point, when the soil is again stirred with the

thermometer in order to cause solidification to take place. As soon as

solidification begins, the tube is at once taken out of the ice mixture and

placed in the air jacket in the same bath. The soil is gently stirred and

the thermometer gently tapped and the freezing point read by means

of a lens. By this procedure it takes only about 10 minutes to make a

freezing-point determination.

The proportion of 10 cc. of water to 15 gm. of air-dry soil has been

found to be the best, as it gives a sufficient amount of excess water to

practically all classes of soil, except peat, muck, and some soils con-

taining an exceedingly high content of organic matter. Where a com-

parison of the salt content of all kinds of soil (with a few exceptions) is

desired, therefore, the above proportion is the best. On the other hand,

where a comparison of the salt content of light soils is desired, the pro-

portion of 10 cc. of water and 20 gm. of soil is more advisable. The

best ratio is that which gives a sufficient amount of excess water and

at the same time a comparatively high concentration. In the case of

alkali soils a ratio of one of soil to five of water may be used.

The salt content of soils can be expressed both in degrees of depression

and in parts per million of solution. The latter can be easily and con-

veniently calculated by following the formula that a depression of 0.004°

C. is equivalent to 100 p. p. m. of solution (4).

In determining the salt content of natural soils from the field the

following factors should always be taken into consideration in inter-

preting the results: (1) Season of the year in which the soil is collected;

(2) amount of rainfall and length of period elapsed after the rainfall

before sample is collected; (3) temperature and rate of evaporation;

(4) cultural conditions of the field, whether cropped or uncropped; and

(5) depth of collecting sample, etc. All these factors play a very great

part, if not the controlling role, in the amount of salts found in soils.

Thus, for instance, in the early spring, when the soils are thoroughly

washed by the melted snow and the spring rains and when the rate of

solubility and nitrification are slow on account of the low temperature,

the salt content of all soils, including the richest soils, is exceedingly

small, amounting, as a rule, to a depression of only about 0.010° C, or

250 p. p. m. , when the ratio of water to soil is about i to 0.7. In summer

time after a long drouth the salt content of bare soils at the surface is

quite high, amounting in some soils to a depression of 0.200° C, or 4,878

p. p. m. of solution, when the ratio of water to soils is i to 0.7. Imme-

diately after a heavy and prolonged rain, however, all these salts are
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leached away, at least from the upper layers, and the salt content falls

again to the depression of about 0.010° C, or 250 p. p. m. at the surface.

In the cropped soils the salt content is, as a rule, quite low, amounting to

a depression of only about 0.010° C, or 250 p. p. m. at the various

depths, as compared to a depression of about 0.200° C, or 4,878 p. p. m.
in adjacent bare soil at the surface. Again, after a long drouth the salt

content of nearly all bare soils varies considerably at different depths.

The variation may range from about 5,000 p. p. m. at the surface to

about 250 p. p. m. at the third inch. All these facts find ample con-

firmation in the data presented in Table II, which shows the salt content

of a certain number of soils under the conditions described above. The
salt content is expressed both in freezing-point depression and parts

per million of solution.

Table II.

—

Salt content and freezing-point lowering of soils at different seasons, at

different periods, under different cultural condiiiofis, and at different depths

Description of soils.
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and have collected samples of soils irrespective of season, rainfall, condi-

tion of soil, date, and uniformity of sampling, etc., and then tried to

compare the absolute salt content of these soils.

By being able now to determine the absolute salt content of soils,

the value and usefulness of the freezing-point method are increased

tremendously. This method is now able to accomplish at least two very

important and fundamental things: First, to determine the actual or

real concentration of the soil solution as it actually exists in the soil

from a very low to any maximum moisture content, and second, to

determine the absolute salt content of soils at a high moisture content.

It seems to be the best, most unique, and most accurate method we
have to-day for accomplishing these purposes.

SUMMARY

In the present paper the freezing-point method is presented as an

excellent means for determining the absolute salt content of soils with

a very high degree of accuracy. Formerly the method could determine

only the actual concentration of the soil solution as it existed in the soil

at different moisture contents, but now the method has been developed

to measure also the absolute salt content of soils and thus afford an

accurate comparison of the absolute salt content of soils.
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SWEET-POTATO STORAGE-ROTS

By L. L. HarTER, Pathologist; J. L. Weimer, Assistant Pathologist; and J. M. R.

Adams, Laboratory Aid, Cotton, Truck, and Forage Crop Disease Investigations,

Bureau of Plant Industry, United States Department of Agriculture

INTRODUCTION

The production of sweet potatoes (Ipomoea batatas) in the United

States in 1917 was estimated to be a little over 87,000,000 bushels,

valued at more than $95,000,000 (Monthly Crop Report, December, 191 7).

Of this quantity probably about 50,000,000 to 55,000,000 bushels were

placed in storage either to be put on the market or to be used for home
consumption throughout the winter months. While no accurate data

can be given, it is estimated that only about 33,000,000 to 38,000,000

bushels of the stored crop were actually consumed ; the remainder were

destroyed by storage-rot organisms before they reached the market.

Based on the estimated average price of $1.10 per bushel for December,

19 1 7, the loss would be approximately $18,000,000.

This article deals with the rots caused by 17 fungi responsible for the

loss of sweet potatoes in storage. Several of these organisms are of minor

importance, the largest percentage of decay being caused by only -a few

very destructive forms. In view of the fact that we are dealing with the

underground parts of the plant and the method of storing the roots, it

is only natural that a large number of fungi could be isolated. Many of

these proved to be only saprophytes; others were able to cause decay

only imder especially favorable conditions.

The first phase of the problem consisted in making a collection of

the organisms found in the decayed roots or in the lesions of stored pota-

toes. Accordingly about 40 different fungi and several species of bac-

teria were isolated. Twenty-five of these fujngi were tested out to deter-

mine whether they were secondary invaders, saprophytes, or weak para-

sites capable of causing decay under certain conditions. Of this number

17 were found to exhibit varying degrees of parasitism, the remaining

8 being regarded as secondary invaders or as saprophytes. Some of the

forms most frequently isolated, in fact, almost always present, were

found to be weak parasites or strictly saprophytes. It was soon dis-

covered that two and often more forms could be isolated from the same

rotted root. Which of these was the primary cause of the decay could

only be determined by inoculation with pure cultures. The isolation of
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a single fungus in pure culture was no guaranty that it caused the rot,

since it was found that the causal fungus often died out early and a second-

ary form, the only one isolated, took its place. This was especially true

of decay caused by Rhizopus nigricans. Again a fungus was isolated in

pure culture from freshly decayed spots or from rotted ends of the potato,

and persistently failed to cause decay when inoculated into healthy roots,

Fusarium oxysporum is a notable example. This organism has been

isolated literally htmdreds of times, and the writers believe that it is one

of the most common endrot organisms, but they have failed to prove it

responsible for the decay.

Some of the organisms which the writers are classing as storage-rot

fungi are rarely isolated, and under natural conditions evidently are

responsible for very little loss. However, they will produce decay when

inoculated into healthy potatoes, held under suitable conditions of tem-

perature and humidity, and protected from the competition of other

fungi. They are mostly slow-growing forms and it may be possible that

they are crowded out by the more rapidly growing saprophytes. It is

these organisms the writers propose to term the "minor rot-poducing

fungi."

The study of sweet-potato storage-rots was begim in 191 2. It has

been pushed continuously ever since as a major problem of the sweet-

potato disease work, except for a few months in the summer when press

of field work, or the want of potatoes, made it imperative to suspend the

work temporarily.^

A mass of data has accumulated during the period of five years that

these investigations have been under way. While it can not be said that

the problem is finished it is felt that the results so far obtained justify

publication at this time.

METHOD OF TESTING PARASITISM

Contrary to the earlier predictions of the writers, the parasitism of

most of the organisms was difficult to demonstrate. Organisms fre-

quently isolated and always from the same type of decay, and of which

there could be little question of their causal nature, would not produce

rot by the ordinary simple moist-chamber methods nor consistently

under storage-house conditions. We were therefore forced to turn our

attention to an inquiry into the conditions required to permit decay. It

has been notable throughout the entire course of the work that those

organisms which appeared unquestionably responsible for decay under

natural conditions would not cause rots when inserted into the host

unless special methods of technic were employed.

1 Mrs. Ethel Field Tillotson was associated in this work until the time of her retirement in 1915. She is

entitled to much credit for painstaking work in the preliminary study of these diseases and especially for

the development of technic for studying some of the rots. During the winter of 1915 and 1916 Mr. C. W.

Carpenter entered upon the work, but after a few months left to engage in pathological work elsewhere.
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The initial experiments consisted mainly in smearing spores from pure

cultures, or hyphae of the sterile fungi, on unwounded or on cut surfaces

of healthy potatoes. They were then placed in moist chambers with wet

filter paper in the bottom and under the lid and kept on a table in the

laboratory. Almost without exception the potatoes remained sound.

These preliminary experiments were repeated, but diflfered in that each

potato after inoculation was wrapped in moistened filter paper and then

in oiled paper. The results again were negative, a few being infected

with softrot but no more than in the controls.

A considerable number of tests were made with the different organisms

by inoculating sterile cut blocks of raw sweet potatoes in test tubes with

a little water added. While the results so obtained were not entirely

satisfactory, they suggested the more promising rot-producing organisms.

Some of these inoculated tubes were placed in the various chambers of

the Altmann thermostat, the temperature of which ranged from nearly

zero to 40° C. It was shown thereby that temperature was one of the

controlling factors, and other experiments showed that humidity was
equally important with most organisms. The importance of humidity

suggested at this stage of the work that although the potatoes were in a
nearly saturated atmosphere in a moist chamber the spores were not

suspended in sufficient moisture to permit germination. It is a fact

easily recognized that moisture may condense on a damp chamber and
yet the potatoes remain dry. Evidently potatoes, as already reported

(iS),^ absorb the moisture from the surface, leaving the spores without

sufficient water in which to germinate. This difficulty was somewhat
overcome by pouring sterile water in wells about i cm. deep and about
I cm. in diameter made in the potato with a cork borer. Spores were

suspended in the water and the top sealed over with a cover slip set into

vaseline. It was hoped by this means to retain the moisture long enough

to allow the spores to germinate. This practice yielded better results

than any previously tried, but was by no means satisfactory or consistent,

the water being often absorbed before the spores had time to germinate.

In the belief that previously germinating the spores might be a solution

of the difficulty, a decoction from sweet-potato roots was made as follows

:

500 gm. of sweet potatoes were finely cut into 1,000 cc. of distilled water,

the whole steamed for one hour, and then filtered through gauze. If

needed for immediate use, 2 cc. of this solution were put into test tubes

and autoclaved for 1 5 minutes at 1 1 pounds' pressure. Generally a con-

siderable quantity of stock solution was prepared for future use. This

was put into large flasks and steamed for 20 minutes on three consecutive

days. When needed, 2 cc. of this stock solution were transferred to test

tubes, which after autoclaving as above were inoculated with the spores

of the fungus under investigation. After about 24 hours, and rarely

Reference is made by number (italic) to " Literature cited." p. 366-368.
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over 48 hours, this decoction together with the mycelium, which often

formed a pellicle, was poured into a well in the potato made as described

above and sealed over with a cover slip set in vaseline.

The inoculated potatoes were then put into moist chambers with wet

filter paper in the bottom. Inoculations by this method were usually

successful, except for organisms that have been classed as strictly sapro-

phytes. By this method sufficient moisture and nutrient substances

were supplied to give the fungus a start. The method was later modified

somewhat to facilitate manipulation. Instead of covering the well with

a cover slip, the hole was plugged with cotton. If tightly plugged,

enough of the decoction was retained to serve the desired purpose even

though the specimen was turned with the well to one side or downward.

Coupled with the proper temperature conditions, such extreme methods

usually gave positive results with organisms that otherwise consistently

gave negative ones. It may be argued that where such extreme measures

are required the organism should not be classed as a rot producer. The

only answer to this is that in our hands they are rot producers under

artificial conditions only when subjected to this test and most of the

organisms studied require such a method. This applies to some of the

most common forms consistently isolated from a rot of a definite type,

and of which there can be little question of their causal relation.

SOFTROT AND RINGROT

There are two storage-rots of sweet potatoes caused by Rhizopus nigri-

cans Ehrbg. : Softrot and ringrot. The former has long been known as

the softrot of sweet potatoes in storage. Halsted {12), who, we believe,

was the first to recognize it as such carefully described it in 1890. In

1892 a rot of quince (jj) was attributed by him to the same fungus.

Since that time there have been other observations and experiments

whiclfcshow that R. nigricans is responsible for rots of fruits and vegetables

under suitable conditions. Behrens (5, p. 515-516), Wormald (41), and

Hanzawa {16) have all found it causing a rot of tomatoes. In 1908

Morse {28) attributes a rot of fruit to it, and Orton (29) a year

later found the same fungus associated with the "leak" of Irish potatoes

in the San Joaquin Valley of California. Edgerton {10) attributes a

heavy loss of figs to the same fungus. In 191 6 Stevens and Peterson

{32), in a study of strawberry fungi, mention R. nigricans as the cause

of considerable loss to the berries at their destination. A more extensive

study of this same trouble was later made by Stevens and Wilcox (jj),

who conclusively proved the parasitic nature of the fungus and studied

the factors which contribute to its destructiveness. While this brief

survey of the literature shows R. nigricans to be a relatively common
rot-producing organism of various hosts, it is best known as the cause

of softrot of the sweet potato, to which it probably causes more monetary

loss than to all the other crops combined. Compared with other organ-
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isms causing decay of sweet potatoes in storage, it is certainly the most

destructive and probably causes more loss than all the others combined.

In fact, there could be no doubt in the mind of anyone who had carefully

observed and studied softrot under natural conditions that R. nigricans

was responsible for it. However, to determine the conditions required

to bring about decay and consistently to produce it artificially is quite

another matter.

Ringrot, now known to be caused by R. nigricans, was originally

thought by Halsted (14) to be due to Nectria ipomoeae Hals., but was

later shown (j5) to be caused by R. nigricans.

CHARACTERISTIC SYMPTOMS

The so-called softrot begins at one of the ends of the potato, occasion-

ally in the middle, and progresses rapidly through the healthy tissue.

Only four to six days are required to complete the destruction of the

entire potato at room temperature. This time may be shortened by

higher temperatures, and correspondingly lengthened by lower tempera-

tures. Humidity seems essential only in so far as it contributes to the

initial infection of the potato. Experiments have shown that decay,

after once having started, will continue, though slightly retarded, even

in an atmosphere almost entirely free of moisture, the fungus apparently

being able to obtain the needed moisture from the host. These results

are in strict accord with those obtained with strawberries by Stevens

and Wilcox {33). The potatoes are at first rendered very soft and stringy,

water often dripping out of the potato when broken open. It has a

characteristic mild yeast odor at first, followed by a wild-rose to rose-

geranium odor later. At the outset the color of the tissue is not changed,

but later it turns a cinnamon to chocolate-brown. If the epidermis of

a decayed potato is ruptured, the sporangiophores and sporangia develop

in great numbers in the air (PI. 21, A). On the escape of moisture the

potato dries up and finally becomes dry and mummified. Observed in

this stage it is often classed as a dryrot.

Usually softrot sets in soon after the potatoes are put in storage and
continues more or less throughout the entire storage period, depending

largely upon weather conditions and the management of the storage

house. It is believed that the rot does not depend to any extent upon

the amount of sugars and starch present ; evidence in support of this theory

will be presented later. Softrot is largely a storage trouble, though it is

occasionally found in the field at digging time in wet soils, especially

those containing a considerable amount of organic matter.

Ringrot differs from softrot only in that the infection occurs at one

or more places between the two ends. It progresses around the potato

forming a ring or collar, by the drying out and subsequent shrinking

away of the rotted tissue, as shown by Plate 21, B. The extent of the

rot varies, being in some cases i or 2 inches in width, and may extend
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yi inch in depth, or entirely through the potato. It may dry up after

completing the ring, or it may advance toward the two ends and finally

complete the destruction of the entire potato. As many as three such

rings have been seen on a single potato, both in storage and in the field.

Taubenhaus claims that it is only a storage-rot, but the writers have found

it more prevalent in the field than softrot.

DISSEMINATION

In view of the general prevalence and vv-ide distribution of the fun-

gus, it is doubtful whether dissemination of R. nigricans is ever neces-

sary to insure infection. Although the storage house may have been

thoroughly disinfected, it is likely that the spores are carried in on the

potatoes, where- they remain dormant until conditions are favorable

for their germination and infection of the host. Such an environment

is soon provided after the sweet potatoes reach the storage house. Dur-

ing the sweating and curing period, when the temperature is high, a

certain number of potatoes are softrotted. Upon the rupture of the

epidermis sporangia form in great abundance on the surface. The spores

are then easily distributed by insects which frequent such rotted potatoes,

by settling in the bins, and possibly by air currents. A certain amount

of spore dissemination may also be brought about by workmen preparing

the potatoes for market. That the disease is communicable is evident

from the fact that often a number of potatoes in contact with each other

have rotted at about the same time. The rotting of a number of potatoes

in contact is much more common in the center of the bin, where ventila-

tion is poor. Individual rotted potatoes on the top of the bins and else-

where, however, are frequently found. Experiments have shown that

the hyphae of R. nigricans die relatively soon. The spores, on the other

hand, remain viable for several months.

INOCULATION EXPERIMENTS

It has already been stated that there could be little doubt in the mind

of anyone who had studied softrot and ringrot under natural conditions

that Rhizopus nigricans had caused it. Taubenhaus (55) and Tauben-

haus and Manns (37) published results in which they claim to have

brought about the complete decay of the potatoes and the formation of

mature sporangia on the surface in 15 hours by smearing the spores dry

on the surface of the potatoes in a moist chamber. Their results are

not supported by those of the writers. With several hundreds of trans-

fers of R. nigricans on various media and on sweet potato decoction,

the best medium so far tried, 24 to 48 hours were required to produce

sporangia at room temperature. Ames (i) who investigated the tempera-

ture relations of R. nigricans among other storage-rot organisms, found

that the shortest time in which the spores could be germinated was 5X
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hours at a temperature of 38° to 41° C. No germination occurred at

42°. In general, she found that the length of time required to germinate

the spores increased as the temperature decreased. At 25° and 20°,

temperatures more nearly approximating room temperature, 13 and
16 hours, respectively, were required to germinate the spores.

In a large number of experiments the writers have been unable to

verify the results of Taubenhaus (55) and Taubenhaus and Manns (57)
by the method they used. Neither have satisfactory results been
obtained by inserting spores and hyphae deep into healthy tissue and
confining the potatoes in a damp chamber. Potatoes inoculated by
wounding and wrapped in wet filter paper and then in oiled paper to

retain the moisture would not give positive results. Potatoes cut in

two lengthwise and the spores and hyphae confined between the two
halves would not rot any more than the controls, even when wrapped
in moist filter paper and oiled paper and subjected to the environment

of a moist chamber. Spores suspended in water in a well made in the

potato and sealed over by a cover slip would not give consistent

results. Chilling the potatoes or bruising before inoculating likewise

failed to give anything Hke conclusive results. Experiments of this

type in large numbers have been made on potatoes of all sizes taken

from storage houses at different times during the storage period and
always with negative results. The writers have even failed to get results

by cutting ofT the rotted end from a softrotted potato and inserting bits

of the diseased tissue from the rotted part into the sound portion.

Similar results have been obtained independently by Dr. Heinrich

Hasselbring, of the Bureau of Plant Industry, who has permitted the

writers to use his results. He made literally hundreds of inoculations

from pure cultures of Rhizopus nigricans into jagged wounds made with

a scalpel. The potatoes were then kept in moist chambers or under

bell glasses at room temperature. Now and then a potato rotted, but

not enough to justify the conclusion that consistent infection had been

obtained.

Not imtil the writers had developed the "well method" described on

page 339 could they rot the potatoes at will. A 24-hour growth of Rhizopus

nigricans in sweet-potato decoction poured into a "well" and protected

against too rapid drying out would almost always result in rotting the

potato. By this method rot has been produced in large as well as small

potatoes and in sprouted as easily as unsprouted. In view of the fact

that stored sweet potatoes could be rotted with equal ease at any time

of the storage period by this method, it would seem that the sugar con-

tent of the potatoes, if contributory to infection, certainly was not a con-

trolling factor. Hasselbring and Hawkins (24), in an exhaustive series

of experiments, have shown that at digging time the starch content

is high and the sugar content of the sweet potato is low. From the

beginning of the storage period the percentage of starch gradually
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decreases and the sugar content increases up until about March, when

there is a slight reversal of the process. They have further shown that

about March or April, when the sugar content is highest, the water

content is not higher, but actually lower. There is evidently enough

sugar during any of this time to supply the needs of the fungus. In fact,

sweet potatoes growing in the field have been successfully infected

with R. nigricans, and it is a common thing to see naturally infected

potatoes in the field at digging time and in the hotbed in the spring.

The writers have been able to infect freshly dug potatoes at will, as well

as potatoes in storage as late as Jime. r^,

BLACKROT

We owe our first knowledge of blackrot, caused by the fungus Sphae-

ronema fimbriatum (E. and H.) Sacc, to Halsted (12), who found it

causing much damage to the sweet-potato crop in New Jersey. In 1890

he published a very good account of the disease, which he attributed to

Ceratocystis fimbriata E. and H. This name was later changed to Sphae-

roncma fimbriatum by Saccardo (31). The following year Halsted and

Fairchild (15) published the results of an excellent morphological study

of the blackrot organism. In fact our knowledge of this fungus has been

little advanced since the publication of their work. The sclerotial bodies

which were thought by them to be a stage in the development of the

blackrot fungus were later shown (34) to be a separate organism. On

the whole, however, the blackrot fungus was the best known, and its

life history and morphological characters better understood, than any of

the other organisms causing sweet-potato diseases. Chester (6), con-

temporaneously with Halsted, came to the conclusion that the causal

fungus was carried over in the soil. That blackrot is important as a

field disease, a storage-rot, or both, and is widely distributed may be

judged from the writings of Price (30), Duggar (9), Townsend {39), Wil-

cox (40), Carver (5), Barre (2), McClintock (26), and others, all of whom

mention it as a field disease or in connection with storage-rot. It there-

fore seems imperative to discuss briefly this disease as it affects the

plants in order to show how it becomes so destructive in the storage

house.

If blackrotted potatoes are bedded, the slips produced therefrom will

almost invariably have blackrot or "blackshank," as the disease is some-

times called. It is characterized by blackrotted areas of varying extent

on the underground part of the slip. Plate 22, A, is reproduced from a

photograph of a typical hotbed infection of a young plant, and Plate 22,

B, shows a bedded potato the slips of which have been killed by the black-

rot organism. The fungus not only reaches the hotbed by being carried

there on the seed potatoes, but it will live over in the soil of the old hotbed

or in other soils where infected plants have been grown. Diseased plants,

if set in the field, serve as a source of infection to the new crop. It is
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these potatoes, infected in the field, which carry the disease to the storage

house. Usually when the potatoes are put in the storage house they

show little or no evidence of blackrot. The potatoes with visible black-

rot spots are few, and such are generally thrown out. On the other

hand, those with infections too small to be seen pass along into the stor-

age house, where they continue their development. In the course of a

few weeks the spots attain a diameter of an inch or more, and the fun-

gus, under suitable conditions, has fruited abundantly. The spores are

scattered about the house on the bodies of insects, by the settling of the

potatoes in the bins, and probably by currents of air, and by other

means, such as picking the potatoes over and preparing them for the

market. In some houses a large percentage of the potatoes have black-

rot, though at the time they were put in storage they showed no evidence

of it. Plate 23, A, shows a potato infected with blackrot and Plate 23,

B, the same potato two months later. This potato was kept in an ice

box at a temperature of 10° to 13° C. During the two-month period the

spots had developed so as to envelop nearly the entire potato.

That blackrot is transmitted through the soil was demonstrated by
bedding a large number of healthy potatoes in soil infested with black-

rot. The potatoes used in the experiment w-ere carefully examined for

soundness, and then disinfected in mercuric chlorid (i : 1,000) for 10

minutes. Potatoes from the same lot, bedded in disease-free soil in the

same hotbed, were used as controls. The slips from blackrotted soil

were set alongside the control plants in a field where blackrot was not

known to occur. Only a few of the slips when set out showed blackrot

infection. About 25 bushels of potatoes were produced from these slips.

When the potatoes were dug, a few had visible blackrot spots on them
and were discarded. The apparently sound potatoes (25 bushels) w^ere

mixed with sound potatoes in a loo-bushel bin. When they were re-

moved in the spring, most of the 100 bushels in the one bin had to be

thrown out, and a fair percentage from bins on either side. The loss in

the adjoining bins was greatest on the side next to the bin containing

the blackrotted potatoes. The disease had not been communicated to

any extent to other bins in the same house. The potatoes from the

control plants stored in another part of the house all remained sound.

Further proof that it is disseminated in storage was shown by an experi-

ment in which blackrotted potatoes and healthy potatoes were mixed

in a bushel basket and stored. When the potatoes were removed in the

spring, all but one of the healthy potatoes were infected with blackrot.

DESCRIPTION OF BLACKROT

Blackrot is characterized by the formation of more or less circular,

somewhat sunken, black spots on the surface of the potato. Infection

takes place readily through wounds and through the dead rootlets. If
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the potato is cut open with a knife and spores smeared on the wound,

the Organism will cover the entire cut surface in a short time if sufficient

moisture is provided. Likewise, if unwounded potatoes in a moist

chamber are sprayed with the spores, numerous, infections will result, a

small rootlet usually being the center of the spot (PI. 24, A). It is likely,

also, that under natural conditions infection takes place in a similar

manner with or without wounding. Pycnidia usually develop in the

center of the infected area at the point where the fungus entered, or at

any place where the epidermis may be ruptured. Under natural condi-

tions there are usually only a few spots on a potato, although in excep-

tional cases there may be many. Plate 24, B, shows a spot on a potato

after several weeks in storage. If kept in storage for several months,

the entire potato may be involved and rendered useless for food.

• In most infections the fungus penetrates only to the vascular ring,

though it has often been isolated in pure culture from the center of the

root (PI. 24, C). Taubenhaus {34) claims some resistance for the small

roots, but the writers have been able to infect them, and even the rootlets,

as easily as the large ones.

Blackrot specimens have been collected or received from every State

in the Union where sweet potatoes are grown. It can safely be said

that the disease is as widely distributed as the crop itself.

SUSCEPTIBLE VARIETIES

Growers of sweet potatoes are always interested in knowing whether

there are any varieties resistant to this or any other disease with which

they are concerned. Although no inoculations were made, records have

been kept for several years of the varieties infected under natural condi-

tions. These records were obtained either from varieties identified by

the Office of Horticultural and Pomological Investigations, Bureau of

Plant Industry, or from varieties obtained from that office and sub-

jected to natural infection of blackrot. To this have been added data

collected on visits to the various sweet-potato growing sections of the

country. The following varieties were found susceptible: Southern

Queen, White Yam, Big Stem Jersey, Yellow Jersey, Red Bermuda,

Red Brazilian, Florida, White Gilke hybrid, Vineless Pumpkin Yam,
Pumpkin Yam, Eclipse Sugar Yam, Porto Rico, Triumph, Yellow Yam,

Early Carolina, Miles Yam, Georgia, Pierson, Key West Yam, Nancy

Hall, Red Jersey, and an unnamed variety. No. 10950 (Horticultural

and Pomological Investigations number). In all, 21 varieties are known

to be susceptible to blackrot. As this list includes most of the best

known and most widely cultivated varieties of sweet potatoes, it is

doubtful whether any of the varieties are resistant to blackrot.
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JAVA BLACKROT

Java blackrot, a disease caused by Diplodia tubericola (E. and E.)

Taub., is probably as widely distributed as the sweet-potato crop itself,

and the total loss from this disease is large. It has been collected from

every part of the United States, and specimens have been sent to the

writers from Cuba, Isle of Pines, Philippine Islands, Japan, Porto Rico,

South America, and elsewhere. It can be found in practically every

sweet-potato storage house and also in the banks. This disease causes

a greater loss in the Tropics and the southern part of the United States

than in the northern sweet-potato belt.

Java blackrot was first reported on sweet potatoes in 1 896 by Clendenin

(7). The specimens on which she observed the disease were sent from

Java to the Louisiana Experiment Station in 1894. From what we

know at the present time, however, it is likely that this disease had been

common in this country long before then, probably ever since sweet

potatoes have been cultivated. The fact that it was first reported on

sweet potatoes imported from Java is no evidence that it was introduced

at that time. We now know that species of Diplodia occurring on

various hosts will also infect sweet potatoes. Investigations have shown

(j6) that D. gossypina Cke., D. natalensis Ev., and Lasiodiplodia nigra

Appel and Laub., will all cause a rot of sweet potatoes similar to the rot

caused by D. tubericola. Furthermore, it has been shown by the senior

author {18) that D. tubericola from dasheen {Colocasia esculenta), D.

gossypina, D. maclurae Speg. and Diplodia sp. from mango {Mangijera

indica) will produce a rot of sweet potatoes identical with the rot pro-

duced by D. tubericola isolated from sweet potatoes. Further evidence

of the cosmopolitan nature of these organisms has been submitted by

Meier (27), who found that D. tubericola from sweet potato would cause

the stem-endrot of the watermelon (Citrullus vulgaris).

It is therefore probable that species of Diplodia from other hosts, if

inoculated into sweet potatoes, dasheens, or watermelons, would cause

similar rots.

DESCRIPTION OF JAVA BLACKROT

Diplodia tubericola rots sweet potatoes very slowly. Under laboratory

conditions there is little or no evidence of decay for a week or 10 days,

and usually 4 to 8 weeks are required to entirely destroy a potato. The

pycnidia, which ordinarily develop in great abundance, generally appear

at the end of one month on the part of the potato first decayed. They are

externally coal black, crowded closely together or confluent, and micro-

scopically suggest minute domelike elevations on the surface. Unlike

some of the fungi of this group, many pycnidia are completely buried,

the spores escaping only after maceration or disintergation of the host.

The tissue is first rendered brown in color, but later becomes coal black

and hard. Concomitant with the loss of \vater, the root shrinks, eventu-
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ally becoming mummified (PI. 25, A). The spores may be of three types

and sometimes all three may be found in the same pycnidium. In the

young pycnidium they are usually hyalin and i -celled, and occasionally

this is the only type found; but usually a little later the hyalin spores

turn dark, and may or may not be septate. In the old mummied potato

the 2-celled dark spores predominate, but are intermixed with a few

I -celled dark and a few i -celled hyalin spores.

INOCUIvATlON EXPERIMENTS

The first inoculation experiments were made on January 16, 1914,

when spores and hyphae were inserted into a wound at the end of eight

healthy roots, four with Diplodia tuhericola from dasheen and four with

the same organism from sweet potato. These potatoes were kept in an

uncovered vessel in the laboratory. This method was followed because

preliminary experiments showed that better results could be obtained

by exposing the inoculated roots to the dry conditions of the laboratory

room than in a moist chamber. Just why this should be has not been

determined. On February 18, six of the potatoes were partially rotted

and on March 12 all but two, which remained sound, were completely

decayed, D. tuhericola being recovered in pure culture from each. On
May 8, eight potatoes were inoculated with D. maclurae and placed in

an uncovered moist chamber. One of these potatoes remained sound,

but the others were completely decayed by July 11.

On September 2, 1914, twelve sweet potatoes were inoculated with

Diplodia gossypina. Six were inclosed in a damp chamber with moist

filter paper in the bottom, and six were placed in an open receptacle.

On October 15, in the open vessel the results were as follows: Two were

completely rotted, two one-fifth rotted, and two sound. The fungus was

recovered from the four decayed potatoes. In the moist chamber one

was completely rotted, one one-third rotted, and four sound. From

one of the rotted potatoes D. gossypitia was isolated, and from the other

an unknown fungus.

On January 5, 191 5, six sweet potatoes were inoculated with Diplodia

zeae (Schw.) Lev. All remained sound.

On January 14, 191 5, ten sweet potatoes were inoculated with Diplodia

tuhericola from sweet potato. Five were immediately placed in aa

incubator (34°-35° C), and five in an ice box (i2.2°-i3.5° C). On
February 8 two potatoes in the incubator were entirely rotted, and one

remained sound. On February 23 one of the two remaining potatoes was

half decayed and the other entirely decayed. There was no e\ddence of

decay in the potatoes in the ice box on January 25, but by January 29

two had been completely rotted by Rhizopus nigricans. By March 31

two were partially rotted, and D. tuhericola v^^^s isolated in pure culture.

The remaining potato was completely decayed, and Alternaria sp. was

obtained in pure culture from it. The best results were obtained at the

higher temperature.
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On March i, 191 5, six sweet potatoes were inoculated with Diplodia

tubericola from dasheen and kept in an open receptacle. One potato was
decayed by Rhizopus nigricans. By June i two v.ere entirely decayed,

and D. tubericola was isolated from them. Three remained sound.

The question has frequently been raised whether or not Diplodia

tubericola attacked the plants in the field and was carried on the infected

roots to the storage house where it further developed. A number of

half-grown plants were inoculated in the field by inserting spores and
hyphse of D. tubericola from sweet potatoes into the stem near the hill.

When the potatoes v/ere dug, none of the plants showed any evidence of

disease. The potatoes from all the inoculated plants were stored together,

but none of them were decayed by D. tubericola. From these results and

numerous field observations it is concluded that this organism does not

attack the plants in the field, and consequently could not transmit the

disease to the roots.

DRYROT

Diaporthe batatatis (E. and H.) Harter and Field causes what is com-

monly known as the dryrot of sweet potatoes. It was first reported by
Halsted {12) in 1890, who attributed the disease to Phoma batatae E.

and H. Later the disease v/as more exhaustively studied by Harter and

Field {21), who obtained in pure culture the perfect stage of the causal

organism to which the name ''Diaporthe batatatis" was given. The
imperfect stage of the fungus is the only one found on the potatoes from

the storage houses or field material. They reported the occurrence of

the disease in the States of North Carolina, Texas, New Jersey, Virginia,

Mississippi, Alabama, and Indiana. Since then it has been collected

in many other States, or diseased specimens have been received from

them, so that it can be safely said to have a wde distribution. In 191

7

D. batatatis was isolated from material from the Isle of Pines and when
inoculated into healthy plants on the Potomac flats near Washington

D. C, produced characteristic symptoms of the disease. This strain,

while identical morphologically, is a more vigorous parasite than any

isolated from material collected in the United States.

Although this organism is quite prevalent, the total loss from the dis-

ease it produces is relatively small, the loss being more in storage than

in the field, though it is occasionally found on the slips in the hotbed.

Like many other fungi, it will grow as a saprophyte and is for this reason

found also as a secondary invader. Inoculation experiments have

shown that it is quite capable of causing decay.

Diaporthe batatatis usually enters the potato from the stem end and

progresses slowly downward. It grows very slowly, requiring 4 to 8

weeks to entirely destroy a potato. In this respect it resembles D.

tubericola. Infected potatoes become much shrunken and wrinkled and

finally mummified (PI. 25, B). The surface, beneath which the tissue
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is carbonaceous to coal-black, is covered with small elevations, a milli-

meter or so in diameter lying close together, in which the pycnidia are

embedded.
FOOTROT

Footrot, a disease caused by Plenodomus destruens Harter, is one of

the most serious diseases of the sweet-potato crop, once it has become

established. It also occurs in storage and is carried over mostly on

the potatoes held for seed. The results obtained by the writers con-

firm those of McClintock (26), who found that field infection, while not

entirely lacking, is relatively small, the disease being carried to the field

mostly on the slips. During the early part of the season the fungus

grows slowly, but in July and August, when warm weather comes on, it

progresses rapidly. It has been shown (77) that the footrot organ-

ism invades the stem of the plant near the ground and grows down

into the potatoes, causing a decay beginning at the attached ends (Pi.

26, A). This decayed portion is generally slight at digging time and,

therefore, easily overlooked. Occasionally it may involve an inch or

more of the end of the potato, in which case it would probably be thrown

out. Potatoes but slightly decayed may find their way into storage,

where the development of the disease would be continued. By bedding

time a considerable percentage of potatoes are thrown out in a badly

decayed condition. Those slightly decayed, however, escape detection

and, therefore, may be used for seed. The causal fungus may also enter

through wounds, or invade surface lesions made by other fungi.

DISTRIBUTION

In 1 91 3 (77) footrot was known to occur only in Virginia. By 191

6

Iowa, Ohio, Missouri, and Kansas (19) were added to the list. In 191

7

it was found in New Jersey, Maryland, and California. In New Jersey

it is doing very little damage as yet, but in California and Maryland con-

siderable loss resulted from it in 1917 and 1918, respectively. Just how
long it has been present in California has not been learned. The organ-

ism isolated from material collected in California, when inoculated into

healthy plants on the Potomac Flats, produced typical symptoms of the

disease. In fact, it was found to be identical morphologically and para-

sitically with the strains isolated from material collected in Eastern

States. The following varieties of sweet potatoes have been inoculated

with Plenodomus destruens and the disease produced: Yellow Jersey,

Big Stem Jersey, Pierson, Miles Yam, Early Carolina, Yellow Strasburg,

Red Jersey, Red Bermuda, Extra Red Carolina, Southern Queen, Yellow

Yam, Pumpkin Yam, Vineless Yam, Dooley, Triumph, Vineless Pump-
kin Yam, Nancy Hall, Florida, General Grant Vineless Yam, White

Yam, Red Brazilian, and Dahomey.
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The footrot fungus produces a relatively slow decay, two to three

weeks being required to destroy completely an average-sized potato.

It produces a somewhat spongy rot and turns the tissue brown. Upon
the escape of moisture it becomes dry, shrunken, hard, and finally brittle.

CHARCOAL-ROT

Charcoal-rot is a rather common type of storage-rot caused by Sclero-

tium hataticola Taub., and is distributed throughout the United States

and elsewhere. It has been collected widely, and specimens of sweet

potatoes have been received from Japan and other foreign countries de-

cayed by S. hataticola. The writers have often isolated it from the lower

part of the stem and underground parts of sweet-potato plants injured

in the field by other agencies. It will grow saprophytically on most any
substance, and occurs as a secondary invader both under field conditions

and in the stroage house.

Sclerotium hataticola evidently was originally thought by Halsted {12)

to be a stage in the life history of Sphaeronema fimbriatum, but after a

more thorough study of the disease by Halsted and Fairchild (i^) it was

evident they entertained some doubt of its connection with the black-

rot fungus. Later investigations {34), however, showed that the sclero-

tial form was Sclerotium hataticola, and was in no way connected with

Sphaeronema fimbriatum.

Sclerotium hataticola is another of the slow-growing storage-rot fungi,

requiring about 3 to 6 weeks to rot completely a potato under moist-

chamber conditions at laboratory temperature. The decayed tissue first

becomes a chocolate to a cinnamon-brown, followed by a dark reddish-

brown color. As soon as the sclerotia begin forming, it becomes black

or charcoal in appearance. Three distinct zones differing in color, there-

fore, may be distinguished in a potato at the same time. The black zone

contains the sclerotial bodies. Adjacent to this is a dark reddish-brown

area. The freshly decayed part is of a chocolate-brown color.

The potato in the early stages of decay is spongy, but on the escape

of moisture it gradually becomes hard and mummified. In this stage

the epidermis is darkened from the action of the fungus, but there is

no other external indication that the potato is rotted. If the epidermis

is broken, the black sclerotial bodies may be seen in large numbers. In

a completely decayed potato these sclerotial bodies are buried among

the cells throughout the potato.

INOCULATION EXPERIMENTS

Several inoculation experiments were carried out at different times,

and in most cases when the well method described earlier was employed

positive results were obtained. The writers found that Sclerotium

hataticola, like some other storage-rot organisms, would not consistently
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decay the potatoes when the hyphge were inserted into wounds. Inocu-

lated potatoes held at laboratory temperature and confined in a moist

chamber would usually decay in from 3 to 6 weeks. A number of

potatoes were inoculated on December 5, 191 6, and 43 per cent were com-

pletely or nearly decayed by January 2, 1917. The causal organism was

recovered from a potato rotted in the above experiment and used to

inoculate another lot on January 22, 191 7. Seventy per cent of the

latter were from two-thirds to completely decayed by February 23.

SCURF

Scurf is a common field disease of sweet potatoes caused by Monilo-

chaetes infuscans Hals. It is very prevalent in California, the entire

South, and other sweet-potato growing sections of the country. Scurfy

potatoes sell for from 25 to 50 per cent less on the market than clean ones,

depending naturally on the severity of the infection. To this loss must

be added those scurfy potatoes which are so badly dried and shrunken

that they are not fit for food. The spotted discoloration of the skin is

well known to nearly everyone (Pi. 26, B). These spots may be small and

separate or they may coalesce so as to form a continuous discolored

covering over the end or even over the entire potato. The discolored

or infected areas are for the most part present in the field before the crop

is harvested, though they may enlarge slightly in storage, and possibly

a few new ones may be formed.

Although Monilochaetes infuscans is superficial, the hyphas penetrat-

ing only through the cuticle {ig), it injures the epidermis so that water

escapes, thus resulting in a shrinkage of the potato. This shrinkage is

slow, but after one or two months in storage a considerable percentage

is unfit for the market. Naturally the shrinkage is greatest in houses

where the relative humidity is low and the temperature is high. Plate

26, C, shows a badly shrunken scurfy potato. The shrinkage is generally

worse at one end, usually the end that was attached to the stem. That

there is more shrinkage at the attached end is not surprising when one

remembers that scurf, like several other diseases of the sweet potato,

is largely carried to the field on the slips. Being a surface organism, it

readily grows from the slip on to the roots or is washed there by rains.

That many of the infections on the attached ends results from the

spores being washed down the stem on to the roots is evident from the

fact that the infections for the most part are in spots.

There are no varieties of sweet potatoes immune to scurf, so far as the

writers know. Data collected over a period of six years show that the

following varieties of sweet potatoes are susceptible to scurf: Yellow

Jersey, Red Bermuda, Japan Brown, Red Brazilian, Florida, White

Gilke hybrid, Vineless pumpkin Yam, Pumpkin Yam, Eclipse Sugar

Yam, Porto Rico, Triumph, Yellow Yam, Yellow Strasburg, Early

Carolina, Creola, Georgia, Miles Yam, Pierson, White Yam, Key West
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Yam, Big Stem Jersey, Nancy Hall, Southern Queen, Dahomey, and
several varieties with accession numbers but not yet named. McClin-

tock (26) listed approximately these same varieties, stating that a
number of them had little or no scurf when grown for a season in Vir-

ginia. The writers have found, however, that many of the varieties he

listed as having little or no scurf were the most susceptible and worst

affected in other sections of the country. There is, in the opinion of the

writers, little difference in the susceptibility of the different varieties,

since varieties which have shown a degree of resistance in one section

of the country are not resistant in another.

MINOR vSTORAGE-ROTS

The following group of storage-rots are of minor importance. They
are caused by fungi occasionally met with and Vv^hich under the proper

environment will decay sweet potatoes. That they have not been more
frequently met may in part be due to the fact that they are slow-growing

forms, and as such may be crowded out or overrun by the more rapidly

growing saprophytes which follow them. This does not necessarily

presuppose the killing out of the casual fungus, although such might

well happen. It is a well-known fact that certain organisms do not live

long in their own staling products. Rhizopus nigricans, for instance,

will often die in two or three weeks in tissue previously destroyed by it.

Other organisms, saprophytes perhaps, may find abundant food there

and conditions otherwise congenial for their development. With
these facts in mind it is easy to understand why a saprophyte instead of

the causal fungus may be, and doubtless often is, isolated from decayed

tissue. Furthermore, the causal fungus and a saprophyte may both be
living congenially in the same decayed tissue, but when isolations are

made the latter, if the more rapid grower, which it usually is, will so

completely crowd out the parasite that only the saprophyte appears in

the plate. Likewise the temperatures at which sweet potatoes are

usually stored are the temperatures at which many of these minor rot-

producing organisms do not grow well. It is at the low or high tem-

perature, thus excluding some of the saprophytes, that some of these

fungi grow. These fungi therefore have been found to cause rots and
have been isolated from decayed potatoes held at a temperature lower

than that at which sweet potatoes are usually stored.

With one or two exceptions none of the organisms have ever been

reported to have produced decay of sweet potatoes in storage. No
common names are known for these rots ; therefore they will be discussed

under the name of the causal organism.

83815°—18 3
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MUCOR RACEMOSUS

In the course of the sweet-potato storage investigations potatoes have

been exposed for varying lengths of time to temperature a little above

freezing. After a few weeks at a temperature of 2.0° to 4.5° C. they

were usually decayed, and in these rotted potatoes two or three fungi

always predominated. One of the most common forms was Mucor

racemosus Fes. In one experiment four sacks of about X bushel each

were stored for two months at 2.0° C, and all the potatoes were decayed

with M. racemosus. A large number of potatoes have been inoculated

at different times with pure cultures of M. racemosus and stored in the

usual way in a sweet-potato storage house, but no infections resulted.

However, in other experiments in which the potatoes were inoculated

and then stored at a temperature of about 2° C. rot was produced and

M. racemosus was isolated in pure culture after two or three months. In

one such experiment 100 potatoes were inoculated and M. racemosus

was recovered in pure culture from 82 per cent. The remaining 18 per

cent were infected with an undetermined species of Mucor and five

unknown fungi. That low temperatures are necessary was further

proved by a number of experiments in which the potatoes were inoculated

with pure cultures of M. racemosus, using the "well" method previously

described, and confined in moist chambers. No decay resulted when

these potatoes were exposed to the temperatures of the laboratory room

or of an ice box (io°-i4° C). If, on the other hand, they were exposed

to low temperatures, they were rotted readily, as shown by the following

experiments.

In all these experiments the fungus was grown for 24 hours in sweet-

potato decoction, and both the growth and the decoction poured into a

"well," after which they were wrapped in filter paper and then in oiled

paper. This served both to retain moisture and to prevent contami-

nation. Before they were inoculated the potatoes were thoroughly

washed and then disinfected with mercuric chlorid. After inoculation

the potatoes were divided into several lots and placed in different cham-

bers of the Altmann thermostat. In these and subsequent experiments

only the average temperature covering the period of the experiment in

the Altmann thermostat is given. The maximum and minimum varied

I to 2 degrees above and below the average given. In one experiment

only two chambers were used—viz, chamber i (average temperature

0.43° C.) and chamber 3 (7.2° C). In three weeks 100 per cent of

the potatoes in both chambers were from half to completely decayed.

The experiment was repeated, using chambers i (0.67° C), 2 (4.37° C),

4 (8.1° C), 5 (11.6° C), 7 (14.7° C), 10 (22.8° C). In chambers i, 2,

and 4 all the potatoes rotted. The above experiment, in which 10

potatoes after inoculation were placed in chambers 2 (5.34° C), 3 (7-81°

C), 4 (8.7° C), 5 (ii-o^ C), 7 (15.8° C), 9 (17.5° C), laboratory room
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(23° C), and an incubator the temperature of which averaged about
28° C, was twice repeated. In chambers 2 and 3, 70 per cent in the

one series and 90 per cent in the other were decayed. The sweet pota-

toes at all other temperatures remained sound.

The results seem to indicate that Mucor racemosus produces a much
slower rot than Rhizopus nigricans, about two to three weeks being

required to complete the destruction of a sweet potato under optimum
conditions. The tissue is rendered a clajnsh white in spots, as shown in

cross section (PI. 27, A). It is somewhat wet, but spongy to firm. When
pulled apart or broken open, it pulls out in a fibrous, stringy manner.

It has a distinct starchy odor.

ALrTERNARIA SP.

Alternaria sp. is another fungus we have frequently isolated from sweet

potatoes held at low temperatures. Owing to its prevalence under such

conditions, inoculations were made by inserting spores and hyphae into

the end of some potatoes and exposing them to the temperature of cham-

bers 3 (7.19° C), 6 (i4.4°C.), 9 (2o.9°C.), II (26.o°C.), 16 (30.6°C.) of the

Altmann thermostat. Each sweet potato was wrapped in filter paper

and then in oiled paper. All the potatoes in chamber 3 were partially

rotted in 1 9 days. In chamber 6 only a slight rot had started and at the

higher temperatures all the potatoes remained sound to the close of the

experiment.

Alternaria sp. produces a firm, moist rot. The tissue is first turned

brown and then gradually darkens, but never becomes black (PI. 27, B).

The potato breaks easily, and the parts separate without the formation

of strands so characteristic of soft rot.

PENICILLIUM SP.

The species of Penicillium which we most frequently isolated and -with.

which all our work has been done was given to Dr. Charles Thorn, of the

Bureau of Chemistry, for identification. According to his determination

it belongs to the expansum group, and is similar to a number of other

strains for which there are no specific differences. It was a common in-

habitant of decayed sweet potatoes and generally of those that were

decayed by other fungi. Occasionally it was isolated alone in pure culture,

but more often it was accompanied with one or more other organisms.

Like some of the other fungi already discussed, it was most often obtained

from potatoes held at low temperatures. That it may be, under a pro-

tected environment, a storage-rot producing organism at low tempera-

tures was demonstrated by a series of experiments in which chambers 2

(4.44° C), 5 (12.0° C), 8 (18.7° C), 10 (22.9° C), 12 (26.9° C), and 17

(32.0° C.) of the Altmann thermostat were used. In chambers 2 and 5

the potatoes were from one-fourth to two-thirds decayed in 39 days.. In



356 Journal of Agricultural Research voi. xv.no. 6

the other chambers all the potatoes remained sound. While the results

show some success at low temperatures from inoculating sweet potatoes

with Penicillium sp., this fungus, even when removed from the competi-

tion of other organisms, must for the most part be considered a sap-

.rophyte.

Penicillium sp. forms blue masses of spores on the interior and on the

surface of the sweet potato (PI. 27, C).

BOTRYTIS CINEREA

Botryiis cinerea Pers. was often isolated from sweet potatoes, as well

as dasheens and other vegetables held at low temperatures. So commonly
was B. cinerea isolated that the writers suspected it to be parasitic under

the same conditions that several of the other fungi already discussed

were found to be storage-rot producers.

Preliminary experiments were made first with raw sweet-potato

blocks. It is not believed that the results from the use of raw sweet-potato

blocks give a final proof of the parasitism of any organism, but they do

give some indications of what may be expected when the potato itself

is inoculated and exposed to similar temperatures. The raw blocks were

cut and dropped into test tubes containing sweet-potato decoction,

made according to the method described on page 339. These blocks

were then inoculated with pure cultures of Botrytis cinerea and the tubes

divided into five lots. One lot was placed in each of chambers i (1.12° C),

2 (4.6° C), 3 (6.15° C), and 5 (9.4° C.) of the Altmann thermostat. This

experiment was conducted with B. cinerea from two distinct sources. One
strain (No. 3900) was isolated from sweet potatoes exposed to a tempera-

ture of 5° C. for several weeks and the other (No. 3940) from cabbage

held in cold storage (o°-i° C.) for several weeks. In 16 days after

inoculation all the plugs were rotted in all the chambers by both strains.

The fungus fruited in the tubes. Controls held for the same experiment

remained sound to the close of the experiment.

The above results were verified by an experiment in which potatoes

were used, nine of which after inoculation (strain 3940) by the "well"

method were put in each of compartments i (2.4° C), 2 (3.56° C), 4

(7.5° C), 6 (13.9° C), 9 (20.9° C), and laboratory room. The results

showed that this organism would decay sweet potatoes over a considera-

bly wider range of temperatures than was the case with some of the other

organisms which are virulent only at low temperatures. In fact, the rot

did not progress as rapidly in the low temperatures as in temperatures a

little higher. In other words, it required 30 days to completely decay the

potatoes in chambers i and 2, while in chambers 4 and 6 the potatoes

were entirely rotted in 20 days. In chamber 9 only two were completely

rotted, and the remainder partially so in 23 days. In the laboratory

room one potato was completely rotted and six partially so in 23 days;
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the other remained sound. From this experiment it seems that medium
temperatures are more favorable to Boirytis cinerea than the higher or

lower ones.

Boirytis cinerea produces a grayish, soft, somewhat watery rot (PI.

27, D). The tissue of the sweet potato pulls out in strings when broken

apart. It has a somewhat starchy odor.

EPICOCCUM SP.

Although this fungus can not be regarded as of much economic im-

portance, it was so often isolated from rotted sweet potatoes held at low

temperatures that it can not be passed over without mention. It grows

rather slowly and is probably able to cause decay only at such tempera-

tures at which the competition of other fungi is reduced.

From a lot of sweet potatoes which had been thoroughly washed and

then stored at 0°, 5°, and 10° C. Epicoccum sp. was about the only

fungus isolated. Later a series of experiments were conducted in which

sound potatoes were inoculated with pure cultures by the "well" method

and exposed to the temperatures of chambers 3 (7.19° C), 6 (14.4° C),

9 (20.9° C), and II (26° C.) of the Altmann thermostat. All the

potatoes in chamber 3 were slightly to completely decayed in three

weeks. In the other compartments they remained sound.

Epicoccum sp. produces a slow, firm rot. The tissue is rendered at

first slightly yellowish followed by a reddish browTi color (PL 27, E).

GIBBERELLA SAUBINETII

From the number of species of Fusarium that can be isolated from

decayed sweet potatoes only a few have been shown to cause storage

rots. Because of the almost omnipresence of some of the species of

Fusarium an immense amoimt of work was done with these fungi.

Strange to say, those species most frequently isolated are those which

the writers were unable to prove parasitic or rot-producing organisms.

On the other hand, those species shown to be capable of causing decay

are, comparatively speaking, seldom found under natural conditions.

Experiment I.—Experimental work with this organism as a storage-

rot fungus was started in 1914, when 75 potatoes after a thorough wash-

ing were divided into two lots, one of which was disinfected in formalin

(i :20o) for 30 minutes. Both lots were inoculated with Gibherella sav^

binetii (Mont.) Sacc. from pure culture by inserting spores and hyphae

into wounds. The treated lots only were wrapped in oiled paper. The

two lots were then placed in storage, the temperature of which was

maintained at about 2.0° C. They were left in storage for four months,

when they were removed and isolations made from each potato. G.

savhineiii was recovered in pure culture from only 20 per cent of the

untreated and from 34 per cent of the treated lot. From the other
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potatoes a miscellaneous lot of fungi was isolated, Mucor racemosus and

Mticor sp. predominating. The sweet potatoes were a long time in

storage at such a temperature, and, if not supported by other experi-

mental data, these results would have little value. Even then they

would hardly deserve to be included did it not form a link in the chain

of experiments conducted with this organism and several species of

Fusarium. All the controls in the above experiment were rotted, but

none with G. saubinetii.

Experiment II.—On October 29, 1914, 40 sweet potatoes, after a thor-

ough washing, were divided into two equal lots. One lot was disinfected

for 30 minutes in a i to 200 solution of formaldehyde (40 per cent). The

two lots were inoculated by inserting spores and hyphae into a wound.

The potatoes were then immediately immersed in a suspension of the

spores in sterile water, after which they were wrapped in moistened

filtered paper and then in oiled paper and placed in cloth bags. The

two lots were stored near together in a sweet-potato storage house at

Arlington Experimental Earm, Virginia. These potatoes were removed

from storage March 11, 1915, and cultures made from those that were

partially or completely decayed. Sixty-seven per cent of the treated

lot remained sound; the others were from one-third to two-thirds

decayed. Gibberella saubinetii was isolated in pure culture from 85

per cent of those that were decayed. Fifty per cent of the untreated

lot (10 potatoes) remained sound and G. saubinetii was isolated from

90 per cent of those that were decayed. Thirty-five per cent of the

controls (20 sweet potatoes) rotted slightly, but G. saubinetii was not

isolated from any of these.

Experiment III.—A third lot (21 sweet potatoes), disinfected as above

and wrapped but not immersed in a spore suspension, was stored in an

Irish potato storage house. The temperature here was naturally lower

than that of a sweet potato storage house, probably about 2.0° to 4.5°

C. All these potatoes were more or less decayed and Gibberella saubi-

netii was recovered in pure culture from 67 per cent. The controls

were also decayed, but G. saubinetii was not isolated from any.

Experiment IV.—In this experimeiit the sweet potatoes (40) were

first placed in cold storage for one week and then inoculated by inserting

spores and hyphae into a wound, after which they were returned to cold

storage. Before inoculation one lot was disinfected as above in formalin

and wrapped. The potatoes were all decayed when removed from

storage. Gibberella saubinetii was recovered from 90 per cent of the

treated and 40 per cent of the untreated.

Gibberella saubinetii renders the sweet potatoes at first spongy in

texture and brown in color. At a later stage, as moisture escapes, the

tissue becomes firmer and finally hard and mummified. The brown

color is later replaced by a pinkish-brown tint.
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FUSARIUM CULMORUM

The experiments with Fusarimn culmorum Wollenw. as well as F.

acuminaium, to be discussed later, were for the most part carried out

like those of Gibberella saubinetii.

Experiment I.—Eighty potatoes were thoroughly washed and divided

into two lots. One lot was disinfected in formalin (1:200) for 30 min-

utes. After inoculation by inserting spores and hyphae the treated lot

was wrapped in oiled paper and stored at 2.0° C. When they were

removed from storage, cultures were made from each potato. F. ctU-

morum was isolated in pure culture from 95 per cent of the treated and

25 per cent of the imtreated lot. The other potatoes were decayed,

but a miscellaneous lot of fungi, of which Mucor racemosus and Miicor

sp. predominated, was isolated. F. culmorum, was not isolated from

any of the controls. A more detailed discussion of the method may be

found under experiment I of Gibberella saubinetii.

Experiment II.—The method of manipulation in this experiment

is identical with that of Experiment II of Gibberella saubinetii. Two lots

of potatoes (20 in each lot) were removed from the sweet-potato storage

house on March 11 and cultures made from each decayed or partially

decayed potato. Sixty per cent of the treated lot (formalin, i : 200,

30 minutes) were one-half to two-thirds decayed, and 80 per cent of the

untreated were partially to completely so, and F. culmorum was isolated

from all in pure culture. The other inoculated potatoes and the controls

remained sound.

Experiment III.—For method see Experiment III of Gibberella

saubinetii. This experiment differs from Experiment III above in

that there were two lots, only one of which was treated. All these

potatoes were decayed when removed from storage, and F. culmortim

was isolated from 100 per cent of the treated potatoes and 95 per cent

of those not treated. While most of the controls were decayed, F. cul-

morum was not isolated from any.

Experiment IV.—For method see Experiment IV of Gibberella

saubinetii. These sweet potatoes were kept in storage from September

9 to January 18, when they were removed and cultures made from those

partially or completely decayed. Ninety-five per cent of the treated

and 80 per cent of the untreated potatoes were rotted with F. culmorum

and the causal organism recovered in pure culture from each.

Experiment V.—Chambers 4 (10.6° C), 5 (13.5° C), 7 (16.9° C), 9

(20.5° C), 10 (21.2° C.) of the Altmann thermostat and laboratory room

(23° C.) were used for this experiment. The potatoes were thoroughly

washed, then disinfected in mercuric chlorid (i : 1,000) for 10 minutes.

They were inoculated on November 6 by inserting spores and hyphae into

a wound at the end, after which they were wrapped in moistened filter

paper and then in oiled paper. On January 3 they were removed from
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the different chambers and cultures made. All the potatoes in chamber

4 (10.6° C.) were decayed, and F. culmorum was recovered in pure cul-

ture. Only 10 per cent were decayed in chambers 5 (13.5° C.) and 7

(16.9° C), and F. culmorum was isolated from all. The potatoes in the

other chambers and all the controls remained sound.

F. culmorum produces a distinctively characteristic rot and when

once seen would never be confused with any of the other rots except

that caused by F. acuminatum, from which it does not differ macro-

scopically. The organism decays the sweet potato slowly, requiring

three to six weeks to complete its entire destruction. The tissue is

rendered spongy but not watery. In the early stages the tissue of the

host is a faint reddish brown, which turns later to a carmine-red or

maroon. As the potato dries out, some of the deep color is lost, and

in the mummified stage it becomes a beautiful pink.

FUSARIUM ACUMINATUM

Experiment I.—The method is identical with that used in Experi-

ment I of F. culmorum. When these sweet potatoes were removed

from storage, all of the treated potatoes and 75 per cent of those not

treated were decayed, and F. acuminatum Ell. and Ev. emend. Wollenw.

was recovered from each in pure culture. The only other fungi isolated

were Mucor racemosus and Mucor sp.

Experiment II.—^The method is the same as in Experiment II of

Gibberella sauhineiii. When these sweet potatoes were removed from

storage, only a small percentage had decayed. F. acuminatum, was

recovered from 5 per cent of the treated lot and 17 per cent of those not

treated. F. oxysporum was recovered from a few other potatoes.

Experiment III.—^The same method was used as that in Experiment

III of Gibberella saubinetii. When these sweet potatoes were removed

from storage, F. acuminatum was isolated from 75 per cent of the treated

and 90 per cent of the untreated. The only other fungi isolated were

Mu£or racemosus and a species of Penicillium.

Experiment IV.—The method was the same as that used in Experi-

ment IV of Gibberella saubinetii. All the sweet potatoes were decayed,

and F. acuminatum was isolated in pure culture from 95 per cent of both

the treated and untreated. Controls were held for all these experiments

and while, as might be expected, some of them were decayed, for which

several fungi were responsible, F. acuminatum was not isolated from any.

Trichoderma koningi

We owe our first knowledge of a storage-rot of sweet potatoes caused

by Trichoderma koningi Oud. to Cook and Taubenhaus (8), who found

it associated with ringrot and softrot. It probably falls into the class

with several other organisms of minor importance which can cause decay
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of the roots when removed from the competition of other fungi. The
writers have seldom isolated the fungus, and in no case has it ever been
obtained from wounds or decayed tissue where it seemed the primary
cause of the rot. Cook and Taubenhaus were able to infect sweet pota-

toes artificially by inoculating them with pure cultures of T. koningi.

A rot differing somewhat from that caused by T. koningi in character

was produced by artificial inoculation with T. lignomm (Lode.) Harz.

The latter fungus, however, was not isolated from sweet potatoes, but
was obtained by the investigators mentioned above from Dr. Thaxter.

Both of these species of Trichoderma are widely distributed fungi, and
T. koningi is especially common in the soil. Therefore it is not surpris-

ing to find it associated with other fungi in the rotted tissue of sweet

potatoes.

The symptoms caused by T. koningi are described by Taubenhaus
and Manns (57, p. 24) as follows

:

In the earliest stages the spots are circular and of a light brown color, w-ith a tendency
to wrinkle. The flesh is hard and watersoaked, brown in color, with a black zone in

the region between the healthy and diseased tissue. The spot enlarges in all direc-

tions and eventually destroys the entire root.

DISCUSSION OF RESULTS

In the foregoing pages 1 7 organisms have been found to bear some rela-

tion to storage-rots of sweet potatoes. Naturally, some of these are of

minor importance, but perhaps largely because the conditions suitable

to their needs are not usually maintained in the storage house. In fact,

there is not a single organism here discussed which did not exhibit a

preference for certain evironmental conditions. Such fungi as Rhizopus

nigricans and Sphaeronema fimbriatum find conditions suitable for them
to rot sweet potatoes at the usual storage temperature (50° F.) or at

higher temperatures. On the other hand, such organisms as Mucor race-

mosus, Boiryiis cinerea, and others find such tenmperatures unsuited to

their needs and bring about destruction of the host only at temperatures

considerably lower than that usually recommended for the storage of the

crop.

Humidity was shown to play an important part. Rhizopus nigricans

requires a relatively high humidity until it has once started, after which

it will complete the destruction of the potato in an atmosphere almost

entirely free of moisture. Sphaeronema fimbriatum also grows better in

the presence of abundant moisture. Diplodia tuhericola, on the other

hand, will grow in a relatively dry atmosphere from the outset. R.

nigricans completes the destruction of the potato in a few days, while D.

tuhericola, Diaporthe bataiatis, and others are slow growers, requiring from

three to eight weeks.

Although the writers have discussed at some length organisms which

thrive best at temperatures below that recommended for the storage of

the crop, sight must not be lost of the fact that the recommendations for
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storage are not universally followed and not necessarily trusted by every-

one. We have occasionally found sweet potatoes stored with Irish

potatoes and in cellars with cabbage, turnips, and other root crops for

which a low temperature was required. In the South most of the sweet

potatoes are stored in earth banks, and often when these are opened a

considerable percentage of all of the crop is found decayed. The pota-

toes about the edges and on top in some of these banks are frozen, indi-

cating that probably the entire lot had been exposed to a low temperature

perhaps for a considerable length of time. Furthermore, sweet potatoes

are taken from storage during the winter and shipped distances requiring

from 3 to 1 2 days or more for them to reach the market. Since most of

these shipments are to the northern and eastern markets, they may be,

and frequently are, subjected to a low, if not freezing, temperature.

After reaching the terminals they may be subjected to lower temperatures

for a considerably longer period by the usual methods of handling. An
examiiiation of such material showed that they often arrive in bad condi-

tion. Many of the potatoes are rotted or partially so and unsalable. A
study of such material, as well as material taken from cellars and Irish

potato storage houses, shows that they are not decayed by Rhizopus

nigricans and some of the other well-known storage-rot fungi, but by some

of the forms discussed above, requiring low temperatures, as, for example,

Mucor racemosus or Botrytis cinerea. So, bearing in mind the fact that

sweet potatoes, even in storage, during transportation, and at the termi-

nals may be subjected to the temperatures suited to some of these forms,

it will be readily understood that the loss caused by these organisms may
be considerable. Moisture is, of course, essential for those forms which

are so much in evidence at low temperatures. In the banks there is little,

if any, provision made for the escape of moisture. In cellars and in

storage houses designed primarily for other purposes it is inadequately

provided for. Sweet potatoes are generally shipped in barrels or bushel

baskets and the moisture may accumulate in car-load shipments, espe-

cially if the temperature is low. The optimum comditions for some of

these fungi are, therefore, unavoidably provided.

The facts presented as to the specific requirements of various fungi in

general are not new. Link (25) has shown that while both Fusarium

oxysporum and F. trichothecioides Wollenw. can produce tuber-rots and wilt

of the Irish potato, the optimum temperature of F. oxysporum is higher

than that of F. trichothecioides. Similar data has been published by Brooks

and Cooley (4), who found from a study of the temperature relations of

the apple storage-rots that the optimum temperature requirements of the

various fungi differed greatly. Sphaeropsis tnalormn produced no evident

rot at 15°, nor did the species of Penicillium and Neofabraea at 10° at the

end of a week, while Sclerotinia cinerea produced a measureable rot at 5°

in one week and at 0° in two weeks. The optimum temperature of

Neofabraea malicorticis was found to be 20°, F. radicicola 30°, all the



Nov. II, 1918 Sweet-Potato Storage-Rots 363

other fungi 25°. The range of optimum temperature requirements for

apple-rot fungi is even greater than for the storage-rot fungi of the sweet

potato. That cool weather is required for infection of the Irish potato

by the lateblight fungus, Phytophthora infesians, is well known. On the

other hand, Gilman {11) concludes that relative high temperatures are

required for infection of cabbage by F. conglutinans and Tisdale (38)

arrives at similar conclusions for the infection of flax by F. lint. Other

references might be made to show that the various fungi have different

temperature requirements. On this point no generalizations can be made.

OTHER FUNGI ISOLATED AND STUDIED

A considerable number of other fungi, mostly species of Fusarium

has been isolated and studied—namely, F. hatatatis Wollenw., F. hyper-

oxysporum Wollenw., F. radicicola Wollenw., F. caudatum Wollenw.,

F. solani (Mart.) Sacc, F. incarnatum (Rob.) Sacc, F. orthoceras Appel

and Wollenw., F. orthoceras var. triseptatum Wollenw., F. oxysporum

Schlect., Nectria ipomoeae Hals., and an undetermined species of Mucor.

These fungi have all been subjected to the same tests of parasitism as

those classed as storage-rot organisms.

Preliminary experiments were conducted in which sweet potatoes

were inoculated at the end or in some wound and then confined in a

moist chamber, both wrapped and not wrapped in moist filter paper and
then in oiled paper. They were inoculated by wounding and then dipped

in spore suspensions and confined in moist chambers but without result.

Chilling the potatoes by exposing them to cold-storage temperatures

(2.0° C.) for a week and then inoculating in the usual way did not yield

results. Soaking in water before inoculation was without effect. A
large number of sweet potatoes have been inoculated, after which they

were divided up into several lots and exposed to the temperatures of the

different chambers of the Altmann thermostat. In no case were the

results consistent enough to warrant the conclusion that any of these

organisms would cause decay at the temperatures used.

Fusarium hatatatis and F. hyperoxysporum are the two species well

known as the cause of stemrot (2^) of sweet potatoes. These two organ-

isms frequently invade the fibrovascular bundles of the roots, often

extending entirely through the potato. To know whether these organ-

isms caused storage-rots is of considerable importance in view of their

prevalence and destructiveness to certain varieties in some parts of the

country. Roots naturally infected have been gathered and stored in

bushel baskets in the storage houses with the other potatoes, and in every

case they kept just as well as healthy potatoes. Naturally infected roots,

after a thorough washing, have been wrapped in wet filter paper and
then in oiled paper and subjected to the temperatures of the different

chambers of the Altmann thermostat. Not in a single chamber did any
of the potatoes rot. The writers conclude from these results that these
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two organisms do not cause storage-rots. However, another organism,

F. oxysporum, which might easily be mistaken for F. hataiatis but hardly

for F. hyperoxysporum, is one of the most common inhabitants of decayed

sweet potatoes. In most storage houses it is common to find potatoes

decayed at the end for a distance oi }4 to i]4 inches, the tissue being

brown and firm and emitting a pleasant aromatic odor (PI. 27, F). From

such decayed ends and from certain surface lesions and wounds F. oxy-

sporum is the most common species of Fusarium isolated with any degree

of regularity. Occasionally other fungi may be isolated, as, for example,

Plenodomus destrttens, Nectna ipomoeae, or F. orihoceras. Although

it is the belief of the writers that F. oxysporum does cause an endrot of

stored sweet potatoes we have consistently failed to obtain proof of it

by any of the methods employed.

Nectria ipomoeae Hals, is another fungus frequently found on decayed

sweet potatoes. It was first thought by Halsted to be the cause of the

stemrot of sweet potato and eggplant, but was later shown (22) to be

only a saprophyte. Since it was frequently isolated from rotted sweet

potatoes, N. ipomoeae was suspected of causing a storage-rot, but like

many of the other organisms studied, it consistently failed to give

positive results by any of the methods tried.

Fusarium caudatum is not a common inhabitant of decayed sweet

potatoes. It was originally isolated from a number of sweet potatoes

sent trom Clemson, S. C, by Prof. H. W. Barre. Prof. Barre said that

several hundred bushels had been thrown out of a storage house similarly

decayed. The decayed potatoes were brown in color, firm in texture,

and had a very pleasing aromatic odor. We were unable by any of the

methods tried to prove this organism the cause of a storage rot. None
of the other forms with the exception of F. radicicola are very common.

This species of Fusarium was frequently isolated from decayed potatoes

and from the wounds and lesions of field material, especially from the

South. However, in our experiments it has given no evidence of being

a storage-rot producer. It is a common soil saprophyte and probably a

secondary invader.

At different times other fungi have been isolated with which no experi-

ments have been conducted. They were so rarely met with that inocu-

lation experiments did not seem justified. Among others the following

may be mentioned: Zygorhynchtis sp., Penicillium sp., Melanospora sp.,

Trichosporium sp., Ceratostoma sp., Sporotrichium sp., Pestalozzia sp.,

Aspergillus niger Von Tiegh, Sclerotiurn roljsii Sacc, F. vasinjectum

Atk., Cephalothecium, sp., Neocosm,ospora vasinjectum Atk,., Verticillium

cinnabarinus , Acromoniella sp., Macrosporiutn sp., Actinomyces sp., and
others.
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vStTMMARY

(i) Storage-rots of sweet potatoes are estimated to cause a loss of

many million dollars annually.

(2) Seventeen different fvmgi were found responsible for the decay of

sweet potatoes in storage.

(3) A few of these fungi—viz, Rhizopus nigricans, Sphaeronema

fimbriatum, Diplodia tubericola, Diaporthe batatatis, Plenodomus destruens,

Sclerotium bataticola, and Monilochaetes infuscans are responsible for

the most of the loss.

(4) The following fungi cause losses in storage under favorable condi-

tions and are designated as the minor rot-producing fungi: Mucor
racemosus, Alternaria sp., Penicillium sp., Botrytis cinerea, Epicoccum

sp., Gibberella saubinetii, Fusarium culmorum, F. acuminatum, and

Trichoderma koningi.

(5) Most of these fungi are weak wound parasites capable of causing

decay of sweet potatoes only under particularly favorable conditions.

Rhizopus nigricans, which probably causes more loss than any other

organism, would not consistently infect sweet potatoes without first

germinating the spores. When the germinated spores and decoction in

which they were suspended were poured into a "well" in the potato,

infection would usually follow.

(6) After infection had once started, Rhizopus nigricans would com-

plete the destruction of a potato in an atmosphere almost entirely lacking

moisture.

(7) There was great variation in the time required for the different

fungi to completely decay a potato. For Rhizopus nigricans from three

to five days were required. Diplodia tubericola, Diaporthe batatatis, and

others required three to eight weeks under similar conditions.

(8) Most of the fungi required a considerable amount of moisture.

In fact, wrapping in moistened filter paper was often necessary after

inoculation by the "well" method. Diplodia tubericola, on the other

hand, grows as well or better in a humidity of about that of the laboratory

room.

(9) The optimum temperature" of the different organisms varied con-

siderably. The optimum for Rhizopus nigricans was comparatively

high, but it would decay the potatoes over a considerable range of tem-

peratures. On the other hand, Mucor racemosus, Fusarium culmorum,

F. acuminatum, and others had a relatively low optimum.

(10) Some of these storage-rot fungi are also the cause of field diseases

of sweet potatoes. Such are Sphaeronema fimbriatum, Plenodomus

destruens, and Monilochaetes infuscans.
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PLATE 21

A.—Sv/eet-potato softrot, caused by Rhizopus nigricans. Only three to four days

are required to rot completely the potato. If the atmosphere is sufficiently moist and
the epidermis is broken, the sporangia develop superficially in great abundance.

B.—Sweet-potato ringrot, caused by Rhizopvs nigricans. Ringrot differs from soft-

rot only in that the decay extends around the potato at one or more places bet^veen

the two ends. The causal organism may or may not advance toward the two ends,

finally completing the destruction of the potato.
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PLATE 22

A.—Blackrot of sweet-potato slips caused by Sphaeronema fimbriatum. Note the

black cankers on the underground part of the stem. The causal fungus grew onto the

slips from a blackrotted potato used for seed. The use of infested soil in the hotbed will

cause similar infection.

B.—Blackrot on a bedded sweet potato. Note the yotmg sprouts not yet through

the grovmd being invaded by the fungus.



PLATE 23

A.—A sweet potato with four blackrot spots caused by Sphaeronema fimbriatum

taken from a storage house in November.

B.—^The same sweet potato shown in A after being kept in an ice box for two months.

The temperature of the ice box was about the same as that recommended for the storage

of sweet potatoes. Note that the spots have enlarged and imited so as to involve

nearly the entire potato.
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PLATE 24

A.—An originally healthy sweet potato sprayed with the spores of Sphaeronema
fimbriatum and confined in a moist chamber. The infections take place mostly

through small rootlets or through wounds.

B.—A typical blackrot spot on a sweet potato as usually foimd at digging time or in

storage.

C.—Cross sections of blackrot sweet potatoes, showing the depth to which the fungus
will sometimes penetrate. Pvue cultures of Sphaeronema fimbriatum were obtained
from the deepest portion of the rot of these two sections.



PLATE 25

A.—A sweet potato decayed by the Java blackrot fungus, Diplodia tubericola.

Numerous pycnidia may be seen on the surface.

B.—A sweet potato decayed by the dryrot fimgus, Diaporthe batatatis. Note the

dry, shruken appearance of the potato.
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PLATE 26

A.—A section through a sweet potato partially decayed by the footrot fungus,

Plenodomus destruens.

B.—Sweet-potato scurf, caused by Monilochaetes infuscans. The number of infec-

tions is shown by the black spots on the surface.

C.—A sweet potato entirely co^.'ered with scurf. In infections as bad as this the

potato shrinks and finally dries up, becoming eventually worthless.



PLATE 27

A.—A cross section of a sweet potato decayed by Mucor racemosus at a temperature

of 5° C. The mottled appearance is characteristic of rot caused by this fungus at low

temperatures.

B.—A longitudinal section of a sweet potato decayed by Alternaria sp. The tissue

becomes a very dark brown to nearly black.

C.—A portion of a sweet potato probably decayed by Penicillium sp. Note the

numerous cushions of the fungus on the surface.

D.—A cross section of a sweet potato showing the characteristic appearance of the

rot caused by Botrytis cinerea.

E.—A cross section of a sweet potato almost completely decayed by Epicoccum sp.

The netted string-like appearance, also the yellowish color produced at some stages in

the progress of the rot, is characteristic of the decay caused by this fvmgus.

F—A longitudinal section of a partially decayed sweet potato. This so-called end-

rot is quite common in storage. Fusarium oxysporum is generally isolated from such

decayed tissue. Although this fungus is believed to be the cause of endrot, inocula-

tion experiments have never given consistent results.
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PHYSIOLOGICAL STUDIES OF NORMAL AND
BLIGHTED SPINACH^

By Rodney H. True, Otis F. Black, James W. Kelly, H. H. Bunzell, Lon A.

Hawkins, Samuel L. Jodidi, and Edward H. Kellogg, Drug-Plant, Poisonous-

Plant, Physiological, and Fermentation Investigations, Bureau of Plant Industry,

United States Department of Agriculture

INTRODUCTORY STATEMENT

For some years the growing of spinach {Spinacia oleracea) in the truck-

ing sections of Norfolk, Virginia, has been seriously affected by a disease

known as "spinach-blight," which is marked by a dwarfing of the

affected plants, with a change of color from dark to yellowish green, and

the development of a sweet taste and bitterness when the leaf is folded,

similar to that seen in a mature tobacco leaf.

This disease has been shown by McClintock and Smith (29)^ to belong

to the "mosaic" group. It is therefore a "virus disease" readily com-

municable from blighted to healthy plants by contact, by injection of

plant extracts, and especially by aphids. These insects are responsible

for the rapid spread of the disease in the field.

Earlier work by Harter (16) and others on the malnutrition of truck

crops has led to the belief that this spinach trouble was attributable to

the lack of lime and humus, with excessive acidity of the soil, and the

work reported in these papers was begun in the hope of throwing light

on the abnormal physiological reactions observed. In carrying out these

plans, laboratory investigations were made of the ash, carbohydrate,

and oxidase contents of both normal and blighted plants, as well as a

more fundamental study of the nitrogen metabolism.

Since the nutrition of the plants is closely connected with the condition

of the soil in which they grow, and since it has been suggested that the

occurrence of the disease might in some degree be influenced by soil con-

ditions {16, 17), it was deemed necessary to take these possible factors

into account. The results of an examination of field conditions by Dr.

1 The investigations here presented bear on different phases of the same problem, although carried out

by different workers. Since different men are responsible for the results presented, requiring as they do
different types of technic and different lines of special interest, the results are presented in separate chap-

ters in which both the responsibility and the credit of authorship are separately indicated.

2 Reference is made by number (italic) to " Literature cited," pp. 405-408.
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Jay A. Bonsteel, Soil Specialist of the Bureau of Soils, seemed to exclude

faulty drainage from the list of possible causes.

The studies reported in this series of papers were carried out in coop-

eration with the Office of Cotton, Truck, and Forage-Crop Disease Inves-

tigations and with the Virginia Truck Experiment Station. From both

organizations highly appreciated help was received. The writers are es-

pecially indebted to Mr. J. A. McClintock, then Pathologist at the Vir-

ginia Truck Experiment Station. He took notes on field conditions,

selected and prepared authentic material for laboratory study, and aided

in many other ways.

It is believed that this biochemical study of a "mosaic" disease will

perhaps have fully as great an interest for plant pathologists as for

physiologists.

Rodney H. True,

Physiologist in Charge of Plant Physiological

and Fermentation Investigations.



ASH CONTENT IN NORMAL AND IN BLIGHTED
SPINACH

By Rodney H. True, Physiologist in Charge, Otis F. Black, Chemical Biologist, and
James W. Kelly, Laboratory Technician, Plant Physiological and Fermentation
Investigations, Bureau of Plant Industry.

In view of the fact that disease conditions not infrequently profoundly
modify the demands of the organism for mineral constituents, a study
of the ash was undertaken in the hope of getting some light on the nature
of the abnormal conditions set up in the spinach by the disease-producing
agent.

Typical normal and diseased material was selected by Mr. McClintock
from the fields of truck growers living near the Truck Experiment Sta-
tion. The plants were collected in February, 191 5, the roots and stems
being carefully dug out by means of a. spade. The adhering soil was
immediately washed off as well as could be done in the field, and the
plants, well wrapped up, were taken to the laboratory, where they were
weighed and spread out to dry.

After they had become thoroughly air-dry, the samples were ashed in
an electric oven at a temperature of about 700° C. at a cherry-red color.
After the quantity of total ash had been ascertained, its constituents
were determined according to the methods of the Association of Oflficial

Agricultural Chemists.^

Table I.- -Ash content of healthy and diseased spinach plants

[Calculated as percentage of total ash]
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are given in percentages of the total ash. In Table II the total ash, and

likewise the constituents, are calculated in percentages of the dry weight

of the plant material.

Table II.

—

Ash constituents of healthy and diseased spinach plants

[Calculated as percentages of dry weight]
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as much as the roots in all samples. The proportion of silica present

seems to be little affected by health or disease either in tops or roots.

It is interesting to note that in the analyses -reported by Wolff (49,

p. 141-150), the average silica content of this plant, presumably of the

tops, is but 4.52 per cent of the total ash against 28.15 per cent found

here, and but 0.745 per cent of the total dry weight of the plant against

5.78 per cent found in the normal Norfolk tops. It would be interesting

to know* in how far the silica content of spinach varies with the locality

in which it is produced. A high silica content seems in general to char-

acterize the grasses and grains and not such succulent vegetables as

spinach. .In this material, however, we have a quantity present equaling

that characteristic of the grains (49).

In this connection it is interesting to note Bertrand's (5) conclusion

that the oxidase activity of plant tissues is related to the manganese

content. vSince the oxidase relations of normal and blighted spinach

are dealt with in a separate paper (p. 377), it is sufficient to state here

that in general the higher manganese ash content seems to accompany

the stronger oxidase reaction in agreement with Bertrand's observations.

The tendency of calcium to become localized in the leaves in greater

quantity than in the roots is seen in both normal and blighted samples.

While .in the normal material the average proportion of the total ash

made up by calcium is about the same in tops and roots, in the diseased

plants the greater proportion is clearly found in the tops. When the

actual quantity of calcium present in a unit of dry weight is considered,

the tops are seen to carry more than three times as much as the roots in

both normal and blighted material and the diseased plants contain nearly

twice as much calcium as the corresponding structures of the normal

plants. There is here then a tendency of the diseased plants toward

increased accumulation of calcium in both tops and roots. It may be

noted in passing that according to the analyses given by Wolff (49, p.

141-150) spinach belongs among those plants which absorb calcium in

rather limited quantities, like many of the common legumes. This con-

clusion is confirmed by the results here given.

Magnesium is present in both roots and tops of the blighted plants in

nearly double the proportion of the total seen in the corresponding parts

of normal plants and in both types of material forms a larger proportion,

of the ash of the roots than of the tops.

When considered with reference to the actual quantity of magnesium

present in a given weight of dry material, that seen in the tops is about

the same whether diseased or normal, the quantity seen in normal roots

being less than that seen in roots of blighted plants.

The magnesium content found here is roughly about one-half that

reported by Wolff (49), who lists spinach among the plants which absorb-

relatively large quantities of this substance.
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One of the most striking features of this material, normal as well as

blighted, is the high potassium content. While Wolff reports spinach

as containing 2.729 per cent of potash, calculated on the dry weight of

the material, the average percentage found in the normal tops here is

5.93 per cent and 4.08 per cent in the blighted tops. The roots seem to

contain less than the tops both in health and in disease, but there seems

to be more in the diseased than in the healthy roots.

Sodium, which is present in less quantity than potassium, seems to be

more uniformly distributed throughout the plants. Like potassium, it

is usually more abundant in the tops than in the roots in both healthy

and diseased samples. Sodium is present in less quantity than potassium

in the tops, but in some cases this relation is reversed in the roots.

Wolff {4g) reports 5.816 per cent of sodium, a quantity, presumably in

the tops, about double that seen here in the normal tops. In any case,

spinach seems to absorb an unusual quantity of sodium, betraying

clearly its halophytic tendencies.

The sulphate radical here, as in most plants, is rarely absorbed in large

quantity. According to Wolff (49), it reaches 1.113 per cent of the dry

weight of the plant material. Here the quantity found in the normal

tops is less than half of that amount, which in turn is about double that

found in the blighted tops. The roots are poorer than the corresponding

tops in each individual case.

Phosphate absorption is not heavy in spinach at the stage in which the

disease appears, but seems to be influenced by the blight. In the tops

the average normal phosphate content is 1.31 per cent of the dry weight

of the plant, against 0.92 per cent in the blighted tops. This relation is

completely reversed in the roots, the normal samples coataining 0.98

per cent, against 1.32 per cent in the blighted roots.

These results, which agree fairly well with Wolff's data, place spinach

with head lettuce and cauliflower hearts (Brassica oleracea hotrytis) near

the top of the list of leafy vegetables in the quantity of phosphates

absorbed.

Aluminium, rarely absorbed in great quantity, is present in spinach in

small amounts. The normal and blighted tops contain alike nearly 0.7

per cent, calculated on dry weight, while the roots in samples of both

kinds agree in containing about 0.18 per cent each. According to Berthelot

and Andre (4), the roots of plants usually contain more aluminium than

the leaves.

It is probable that the material here studied is unusually high in alu-

minium, since Czapek {12, p. 855) reports that, as a rule, a content of

more than 0.5 per cent of the total pure ash is not found. Here the

aluminium makes up about 3.3 per cent of the total ash in the normal

tops and nearly 4 per cent in the blighted tops. The proportion of

aluminium to total ash is less in the roots than in the tops in health and

in disease, one case excepted.
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Wolff (49) reports spinach to have an average iron content of 0.552

per cent, calculated on the dry weight of the plant material, and with

even this small quantity it is much richer in this element than the vast

majority of plants that had then been studied.

It is interesting to note that healthy spinach tops were here found to

contain an average of 0.132 per cent of iron, calculated on the dry weight,

against 0.095 per Cent in the blighted tops, in either case a quantity

much larger than that recorded by WolfiF. The roots of the diseased

plants were found to contain an average of 0.122 per cent of iron and the

roots of the normal plants 0.065 per cent. It seems as though a part of

the iron that entered the plant through the roots accumulated there

instead of going up to the leaves, as in the normal plants. It is interest-

ing to note also that when calculated as percentage of the total ash the

iron content of the roots always exceeds that of the corresponding tops,

a relation more in evidence in diseased than in healthy roots.





OXIDASE REACTION IN HEALTHY AND IN BLIGHTED
SPINACH

By H. H. BuNZELL, Formerly Chemical Biologist, Plant Physiological and Fermen-
tation Investigations, Bureau of Plant Industry

A few years ago it was observed by Hasselbring and Alsberg (i8) that

spinach grown in the market gardens near Norfolk, Va., and affected

by a disease resembling the mosaic of tobacco, had a greater oxidase con-

tent than healthy spinach from the same region. This observation coin-

cided with the work by Woods (^o, 51) on the mosaic disease of tobacco.

Since that time the writer has developed a quantitative method for the

determination of oxidases, utilizing atmospheric oxygen (7). It was de-

cided therefore to extend the observations of Hasselbring and Alsberg

by comparing the oxidase activity of the leaves and roots of the diseased

plants with those of healthy plants.

Three different collections of samples were made, designated as Set I,

II, and III, respectively. In each case typically diseased plants were

selected, as well as healthy control plants grown in the immediate vicinity

of the diseased spinach. In all instances, therefore, the healthy and the

diseased samples of the same set were grown under the same climatic

and soil conditions. The plants were carefully washed in the laboratory

to remove any adhering soil, and the surface water was removed by blot-

ting the plants between sheets of filter paper. The leaves, freed from

petioles and midribs, were dried over lime in a vacuum at room tempera-

ture. The roots were cut into pieces 2 to 3 mm. long and dried in a similar

way. The samples were dried to constant weight and then powdered

until the whole of the sample passed through a sieve of 100 meshes to the

inch, after which they were kept in a desiccator.

The experiments were carried out according to the method formerly

described {10). The following reagents v/ere used: Pyrogallol, pyrocate-

chol, hydroquinone, phloroglucin, guaiacol, tyrosin, meta-cresol, para-

cresol, eugenol, and isoeugenol. The temperature at which the experi-

ments were carried out was 37.4° C, and the rate of shaking five com-

plete excursions in 3.4 seconds.

In most of the experiments the quantity of dry material used was so

chosen as to give a reading of about 2 cm. In none of the experiments,

however, was more than o.io gm. of the powder used, so that the read-

ings were considerably below 2 cm. in the slightly active or inactive prepa-

rations. To make the results comparable, they were all calculated on the

basis of 0.10 gm. of powder. The reagents were used in quantities rang-

ing from o.oi to 0.02 gm., this being an excess of the reagent in all cases.

The results obtained are given in Table I.

(377)
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Tabi<B I.

—

Relative oxygen absorption of various oxidase reagents in the presence of
healthy and diseased spinach material
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The data which were presented in Table I are given in Table II, re-

calculated on the basis just described.

TabIvE II.

—

Oxidase activities of healthy and diseased spinach material

[Results expressed in units)

Material.
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combined with various metabolic products form very unstable and

readily oxidizable compounds, we are of course as yet unable to judge

(50) . It is possible that the difference observed was primarily of physical

origin. Traube {48), in his paper on catalysis, recognized surface ten-

sion as one of the most important factors in the acceleration of bio-

chemical reactions. The oxidase activity observed might be due simply

to an increased concentration of the oxidizable material or oxygen, or

both, in the layers adjacent to certain colloidal particles.

It is certain that in the course of stunting of growth there is an increase

in the effectiveness of the oxidase mechanism. Whether this is the

cause or a symptom of the disease is an open question. If we assume

with Palladin (57) that with the aid of the respiratory pigments the

oxidases are capable of carrying on the process of cell respiration, then

it can readily be seen how an increased oxidation of some of the inter-

mediate products of metabolism might seriously alter the course of the

latter. Such plants could be said to be in a state of "fever" (<?). If,

on the other hand, oxidases are merely protective agents, as Portier

{38) assumes, then the increased oxidase activity of the diseased plants

would have to be ascribed to an attempt on the part of the plant to rid

itself of poisonous products formed in the course of its abnormal

metabolism.



CARBOHYDRATE PRODUCTION IN HEALTHY AND IN
BLIGHTED SPINACH

By Rodney H. True, Physiologist in Charge, and Lon A. Hawkins, Physiologist,

Plant Physiological and Fermentation Investigations, Bureau of Plant Industry

Spinach plants affected with the blight show many symptoms pointing

to a derangement of functions concerned with the carbohydrates, among
which are the yellowish-green color and the sweetish taste. It was there-

fore deemed important to investigate these constituents in normal and
in diseased plants. The material was taken from commercial fields near

the Virginia Truck Experiment Station. The plants were carefully dug
with a spade, and the soil adhering to the roots was quickly washed off.

To reduce the translocation of products, the plants were divided into

roots and tops, and after being loosely packed in market baskets were

covered with paper and stored in a building in diffused light. The col-

lection took place late in the forenoon on February 5, 1 91 5, a clear day.

The samples were kept in a cool place while in transit and were taken

to the laboratory at 7. 30 the next morning, where they were given imme-
diate attention.

Starch, sucrose, and reducing sugars were determined by the usual

methods. The results of these determinations are presented in Table I

as percentages calculated on both fresh and dry weights of tops and on
the fresh weights of the roots.

It will be noted that the samples of diseased tops have a somewhat
greater percentage of dry matter than the healthy tops.

The reducing sugars under the conditions here given are clearly less

abundant in the tops of blighted plants than in the normal samples,

while in the roots but a trace is present in either type of material. The
situation with reference to the sucrose in the tops, however, is quite the

reverse, the diseased plants containing a considerably greater quantity

than those in health. This difference is so great as to give a much higher

total sugar content for the pathological material, a fact which in part

accounts for the strikingly sweet taste found in the latter plants. It is

of interest, however, to note that no noticeable sweetness is found in the

normal leaves, although in the material collected in 191 5 they contain

nearly 80 per cent as much total sugars and nearly 65 per cent as much
sucrose. Since the taste of sweetness is interfered with by a variety of

other taste sensations, it is possible that certain substances having a

marked taste may be present in the normal material and absent in that

affected by the disease. On tasting the fresh material in the field it

seemed that the characteristic "spinach" taste so strongly marked in

the healthy leaves was almost lacking in the sweet diseased leaves.

(381)
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Table I.

—

Carbohydrates in healthy and in blighted spinach
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photosynthetic function. This condition recalls that of tobacco leaves

when "mature" for cutting. The color changes to a more yellowish

green, the leaves take on the brittle character seen in the diseased spinach

and like it become gorged with starch.

It would hardly be safe to assume that photosynthetic activity is not

impaired in the blighted plants in spite of the accumulation of carbo-

hydrates. It is quite possible that impairment may be the case and
that accumulation results from some interference with carbohydrate

utilization.

In view of the destructive action of oxidases on diastatic enzyms,

reported by Woods (57) in the case of tobacco mosaic, it was thought

possible that here a somewhat similar situation was present. Since

Bunzell in his investigation on this subject found the oxidase reaction

with most reagents to be somewhat more intense in the diseased material,

both leaves and roots, than in normal samples, it was thought necessary

to determine the comparative diastatic activity of juices from these two
types of material. The fresh leaves, after being ground in a mortar, were
placed in a flask having a volume of 250 cc. and digested for 24 hours

with 100 cc. of glycerin in an ice box at a temperature of about 10° C.

This was then made up to volume, strained, and 50 cc. of the solution

was added to 25 cc. of i per cent soluble starch. Controls were made
in the same way from each sample to which no starch paste was added.

One cc. of toluol was added to each flask to prevent the action of micro-

organisms. All preparations were allowed to stand at 30° C. for 48
hours, after which they were removed, cleared with lead acetate, made
up to 100 cc. and filtered. The data given in Table II show the quan-

tity of reducing sugar present in the preparations containing starch

paste in excess of the controls from the same samples.

Table; II.

—

Diastatic activity in normal and in blighted spinach

•



384 Journal of Agricultural Research voi. xv, no. 7

These results seem to point to the absence of any marked difference in

the starch-digesting capabilities of normal and blighted spinach. This

being the case it would seem to be indicated that the cause of carbo-

hydrate accumulation should be sought in the deeper-lying metabolic

processes in connection with which carbohydrates are utilized.

To recapitulate, it appears that in spinach-blight the process of carbo-

hydrate manufacture is not inhibited, although it may be retarded.

The reducing sugars are practically absent from the roots of all plants,

while in the tops the normal plants contain somewhat more than the

diseased. Both sucrose and starch are present in the leaves of the

blighted plants in markedly greater quantity than in those of the normal

plants. They are found in the roots of both healthy and diseased plants

in approximately like quantities.

Determinations of diastatic activity failed to bring out any marked
difference between healthy and diseased plants.

It is indicated that carbohydrate accumulation is due not to a break-

down of digestion but to some partial failure in the subsequent metabolic

processes in connection with which carbohydrates are used.



NITROGEN METABOLISM IN NORMAL AND IN
BLIGHTED SPINACH

By Samuel L. Jodidi, Organic Chemist, Edward H. Kellogg, Scientific Assistant,

and Rodney H. True, Physiologist in Charge, Plant Physiological and Fermentation

Investigations, Bureau of Plant Industry.

INTRODUCTION

In view of the e\'ident derangement of the functions of nutrition in

spinach-bhght, it seemed necessary to undertake an investigation of the

more fundamental processes of synthetic metabolism in the hope of

learning in what way the disease causes injury. The purpose of this

paper is to present the results gained from a study of the nitrogen metabo-

lism.

Owing to their great importance in plant metabolism, certain groups

of nitrogen-containing compounds demanded attention. The total

nitrogen, the polypeptids and the proteins, closely connected as they seem

to be with the fundamental activities of life in both plants and animals,

the nature and quantity of the nonproteins present, especially of the

amino acids, were studied in both healthy and diseased material.

For a number of years it has not been unusual in plant and soil inves-

tigations to estimate the protein content of biological materials by deter-

mining their nitrogen content (usually by the Kjeldahl method) and

multiplying the nitrogen found by the factor 6.25. The literature con-

tains a great number of such protein estimations. Evidently the inves-

tigators maintained that the nitrogen present in plant and soil mate-

rials is made up solely or chiefly of proteins or protein-like bodies, whose

nitrogen percentage does not materially differ from that of proteins.

Schulze and his coworkers (41-45) were among the first to demonstrate

that such is not the case. They have shown, for instance, that a con-

siderable portion of the nitrogen contained in Irish potatoes (Solarium

tuberosum) and sugar beets, sometimes more than one-half, is made up

of nonproteins (acid amids, amino acids, etc.). So far as the writers are

aware, no similar systematic investigation concerning the character of

the nitrogenous compounds in spinach has been made. Hence, it seemed

of considerable importance to find out the nitrogen distribution in the

spinach under normal physiological conditions. Futhermore, it was of

interest to learn what changes, if any, had taken place in the nitrogen com-

pounds of the spinach under pathological conditions.

Of special interest is the nature of the nonproteins (acid amids, amino

acids, polypeptids) occurring in spinach. These compounds may be

considered either as products of regressive metabolism in plants, or as

products of synthesis in the latter built up out of inorganic nitrogen

plant food, and are significant because of their food value, and the func-

83816°—18 2

(385)
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tions which they perform. Not only do they represent protein-saving

materials, since in their presence the animal organism needs less protein

for the maintenance of nitrogen equilibrium, but, a fact of still greater

interest, recent investigations have demonstrated that animals can be

maintained in nitrogen equilibrium, or even gain weight, when they are

offered completely digested protein or amino acids instead of unchanged

protein. This was shown to hold good for the organism of the dog (j),

and, generally speaking, undoubtedly holds true for the animal organism.

In this connection, it may not be amiss to mention that the various amino

acids perform special functions in the body. Thus, the amino acids lysin

and cystin have been recognized by Abderhalden (/), Osborne and

Mendel (52, 55, 54, 35, 36) as necessary for the function of growth,

and in this capacity can not be replaced by any other amino acids.

Equally, the diamino acids histidin and arginin (j, 2) are indispensable,

since when they are removed from a complete amino acid mixture (ob-

tained by protein hydrolysis), the remaining amino acids can no longer

maintain the body in nitrogen equilibrium. Glycocoll (j), on the other

hand, is not a necessary amino acid for the reason that it can be built up

synthetically in the animal organism.

EXPERIMENTAL WORK

The spinach materials used in this investigation were secured in part

from farms near Norfolk, Va.^ Since some of these spinach materials

(which were well mixed and treated as one lot) were not quite free from

aphids, it was thought advisable to obtain samples free from the insects.

These were taken from beds on another farm on May 6, 191 6.^ Three

kinds of samples of the diseased and healthy plants, respectively, were

prepared—namely, samples of the entire plant, of the tops, and of the

roots. The samples were first fumigated with a tobacco preparation,

then partly dried in the greenhouse for about a week, and partly in the

electric drying oven at 40° to 50° C. The dried materials were ground,

passed through a 40-mesh sieve, and kept in covered jars. As it was

very soon discovered that the moisture content of the materials was

changing, and also as it seemed more convenient to make practically all

of the experiments with air-dried spinach, care was taken to make the

ground spinach materials thoroughly air-dry. For this purpose they

were exposed to the air in thin layers, in a place free from dust, until

their moisture content became practically constant. The materials so

prepared were kept in sealed jars ready for use. The results pertaining

to the moisture content of the various spinach samples are expressed in

Table I.

' By Dr. Rodney H. True, Dec. i, 1915, and by the senior writer Jan. 21, 1916.

* By Mr. J. A. McClintock, then with the Virginia Truck Experiment Station.
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Table I.

—

Moisture content of air-dried healthy and diseased spinach

HEALTHY SPINACH

No. Date collected.

Dec. I, 1915.
and Jan. 21,

1916.

....do

....do

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

Kind of material.

.do.
do.

.do.

do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.
do.

.do.

do
May 6, 1916.

.do.

.do.

.do.

.do.

Entire plant.

.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

....do..
Leaves

.

.do.

.do.

Treatment of materials.

Dried in electric drying oven
at 50° C. for 48 hours.

do.
Remained in covered jars for

about four weeks.
....do
Exposed to air in thin layers

for 24 hours.
do

Exposed to air in thin layers

for 24 hours longer.

Exposed to air in thin layers

another 24 hours (total, 72

hours).
Remained in covered jars for

about two weeks.
do

Dried in electric drying oven
at 50° C. for 48 hours.

.do.

.do.

.do.

do.

...do
Roots

.

.do.

.do.

Remained in covered jars for

about three weeks.
....do
Exposed to air in thin layers

for 48 hours.
Exposed to air in thin layers
another 24 hours (total, 72

hours).
Remained in covered jars

about two weeks.
....do
Dried in electric drying oven
at 50° C. for 48 hours.
do

Remained in covered jars for

about three weeks.
do

Exposed to air in thin layers

for 48 hours.
Exposed to air in thin layers

I another 24 hours (total, 72

hours).

do Remained in covered jars for

about two weeks.

do do
Leaves Exposed to air in thin layers

for several days.

. ..do I do

....do ' do
Roots

I

do
do do

.do.

.do.

.do.

Quan-
tity of

air-dry
sub-
stance
used.

Water lost (at 100° C).

Observed.
Aver-
age.

Gm.
0.8944

1.1323
I. 0000

1. 0000
•7653

1.0338
.6197

. 9208

.8756

.9272
1. 0000

I. 0000
1. 0000

I. 0000
•9731

. 8422

.7850

.9097
I. 0000

1. 0000
1. 0000

1. 0000
.6825

.9164

.9196

1.0508
.6820
.8288
.6087

Gm.
o. 0346

.0436
•0437

.0426
•0371

•0499
.0316

.0436

.0372

•0383
.0416

.0419

.0484

.0381

.0405

.0477

•0473
.0529

• 0528
•0349

.0456

.0448
•0547

.0623

.0412

•0593
.0431

DISEASED SPINACH

Dec.i,i9i5.and
Jan. 21,1916.*

....do ..

....do

.do.

.do.

.do.

.do.

.do.

.do.

Entire plant

.

.do.

.do.

.do.

.do.

....do..
Leaves

.

....do.,

do..

Dried in electric oven at 50° C

.do.
Exposed to air in thin layers

for 48 hours.
Exposed to air in thin layers

for 24 more hours (total, 72

hours).
Remained in covered jars for

about two weeks.
do ^...

Dried in electric oven at 50° C.
do

Exposed to air in thin layers

48 hours.

Per
cent.

3.87

3.8s
4-37

4. 26

4.85

4.83
5- 10

4.70
3-72

3.83
4. 16

4.19
4-97

1. 0000
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Table I.

—

Moisture content of air-dried healthy and diseased spinach—Continued.

DISEASED SPINACH—Continued.
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6.76 per cent for the leaves and roots, respectively, of the spring collec-

tion, were used throughout this paper for calculating to the water-free

basis the results obtained with the diseased materials in question

RELATION OF THE WATER CONTENT TO RETARDED GROWTH

The dwarfing effect of spinach-blight was shown in the weight of the

plants used in a part of this work. Eighty diseased plants taken on the

Jones farm weighed 552 gm., with an average weight of 6.9 gm. per plant.

Forty-one healthy plants from the same beds weighed 647 gm., averaging

15.8 gm. per plant. The ratio of weights in disease and health was, there-

fore, I to 2.3. The leaves of the diseased plants were crisper, thicker in

texture, and smaller in size than those of normally grown spinach. The
root systems of the diseased plants were poorly developed, in comparison

with those of the sound plants.

Considering the importance of water to the plant for the processes of

transpiration, respiration, osmotic pressure, etc., it seemed worth while

to make moisture estimations of the various plant tissues when in a fresh

condition. Especially was it desirable to find out what difference, if

any, there is between the healthy and the diseased spinach plants with

regard to their moisture content. For this purpose several spinach

samples were taken from various beds, immediately placed in air-tight

jars, and the moisture estimations made within 24 hours. The results

obtained are presented in Table II.

Table II.

—

Moisture content of fresh healthy and diseased spinach

HEALTHY SPINACH

No.
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When the two parts of the table are compared, it is readily seen that

the healthy spinach samples, without exception, show a higher moisture

content than the corresponding diseased samples. This is true not only

of the entire plant, but of the leaves and roots as well. In other words,

the spinach disease, physiologically characterized by a pronounced

retardation of growth, is characterized chemically by a lower moisture

content of its tissues. These data stand in full agreement with

observations on certain animal tissues in disease and health. The water

percentage of mouse carcinomata has been found by Cramer {ii) to

correspond with their rate of growth, the more rapidly growing tissues

of the cancer showing a higher water content than the normal tissue, and

vice versa. Evidently the rapidly growing plant cells like those of the

cancer build up tissues with a comparatively high water content.

SPINACH NITROGEN

Since the main object was to ascertain the difference in quality and

quantity of the nitrogenous compounds occurring in healthy spinach, on

the one hand, and in diseased spinach, on the other, a number of nitrogen

estimations were made according to the Gunning modification of

Kjeldahl's method. As the moisture content of the spinach materials

was not uniformly maintained it was necessary, in addition to nitrogen,

also to run moisture estimations. The data which are recorded in Table

III represent as a rule the average of two or more individual analyses.

Table III.

—

Nitrogen content of healthy and diseased spinach

HEALTHY SPINACH

No.
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seen that in the diseased plant the nitrogen of the leaves is higher than

that of either the roots or of the entire plant. A comparison of both

sections further shows that the percentage of nitrogen in the healthy

spinach (entire plant as well as leaves) is higher than in the corresponding

diseased tissues, but that the nitrogen of the diseased roots by way of

exception is somewhat higher than that of the healthy roots. If, as

Boncquet (6) has claimed, denitrification sometimes takes place in diseased

plant tissues whereby the nitrates are converted into nitrites and

ammonia, the possibility of the ammonia escaping as such is not alto-

gether out of the question. Such a proceeding would account for the

smaller percentage of nitrogen in the diseased spinach.

PROTEIN NITROGEN OF THE SPINACH

The significance of protein as an integral constituent of protoplasm

made it desirable to run a number of protein estimations of various

healthy and diseased spinach tissues. The method applied here was

originally proposed by Ritthausen (jp) and perfected by Stutzer (47).

One gm. of the finely powdered air-dry material was treated in a beaker

with 100 cc. of water, heated to boiling, and kept on the steam bath for

about 10 minutes. About 2 cc. of a concentrated potassium-alum solu-

tion were added, followed by 15 cc. of Stutzer's solution (corresponding

to 0.45 gm. of copper hydroxid), and the whole was well stirred. On
cooling, the insoluble residue was filtered off, washed with water, and

the nitrogen estimated according to Kjeldahl's method. In a few

instances, which will be mentioned, the following modification by Stutzer

was used: To i gm. of the substance were added 100 cc. of absolute

alcohol and i cc. of acetic acid, heated to the boiling point on a steam

bath, and allowed to settle, when the supernatant liquid was carefully

decanted through a filter. The substance which remained in the beaker

was now treated with 100 cc. of water, heated to boiling, etc., as already

outlined. The data obtained are summarized in Table IV.

While the modified method of Stutzer yields a somewhat higher per-

centage of protein nitrogen than the ordinary Stutzer method, it will be

noticed by reference to the first section of Table IV that the proportion

of protein nitrogen in leaves 8 to 10 is practically the same as in the roots

II to 13. In other words, the protein nitrogen is practically uniform

throughout the healthy spinach plant (see No. 1-7). As regards the

actual quantities of protein nitrogen in the plants, as seen in the relation

of protein nitrogen to dry weight, the leaves are considerably richer than

the roots in both winter and spring samples. However, it will be noted

that the spinach collected in May, 191 6, shows a very much higher pro-

portion of protein nitrogen than that collected in December, 1915, and

January, 1916. The percentage of protein nitrogen calculated on dry

weight is, however, greater in the plants of the earlier collection. The

high relative percentage of protein nitrogen may perhaps be due to the

fact that the winter samples were not as mature as those collected in May.
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Table IV.

—

Protein nitrogen of healthy and diseased spinach

HEALTHY SPINACH
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Table IV, second part, shows that the protein nitrogen when referred

to the total nitrogen in the diseased spinach is not distributed uniformly,

the percentage in the roots being higher than that in the leaves. Here

the samples collected in December and January have a considerably

lower proportion of protein nitrogen referred to total nitrogen than the

sample gathered in May. When referred to the dry weight of the plant

material, the protein nitrogen of the roots exceeds that in the leaves in

both winter and spring collections, the quantity present in the spring

samples being clearly less than in those taken in winter. In this latter

respect the diseased plants differ from the normal ones. The greater

proportion of protein nitrogen to total nitrogen may indicate that the

spring sample was in a riper state than the former winter samp'le.

When the first section of Table IV isco mpared with the second section,

it is seen that the diseased spinach is not only able to build up protein

but, with one exception, shows even a higher percentage of protein

nitrogen (calculated on total nitrogen) than the healthy spinach, this

being true of the leaves, the roots, and the entire plant. In case the

protein nitrogen is related to the dry weight of the plant tissues, the

situation is reversed as regards the entire plant and the leaves, the

roots only showing a higher content in the diseased plants. This is

true for both winter and spring material. So far as animal tissues are

concerned, it was shown by Cramer (11) that certain rapidly growing

cells and tissues build up protoplasm with less complex organic com-
pounds (like proteins, etc.) than more slowly growing tissues.

From the data here presented it would seem that in spinach collected

both in winter and spring the actual number of grams of protein nitrogen

is greater in a given dry weight of healthy tops than in a like quantity of

diseased material, this relation being plainly reversed in the case of the

roots. It also seems clear that of the total nitrogen content a greater

percentage is in protein form in the diseased than in the normal plants,

the case of the leaves in the spring material being the only exception.

It is further indicated that all winter material, diseased and healthy, is

somewhat richer in protein nitrogen than the corresponding material

collected in the spring.

NONPROTEIN NITROGEN OF THE SPINACH

The nonprotein nitrogen is usually found by subtracting the protein

nitrogen from the total nitrogen. It seemed, however, desirable to make
direct estimations of the nonprotein nitrogen as a check on the protein

determinations. We proceeded as follows: The combined filtrate and

washings from the copper precipitate, as obtained in the protein estima-

tion according to Stutzer's method, were usually acidulated, concentrated

on the water bath, quantitatively transferred to a Kjeldahl flask, and the

nitrogen estimated as usual according to the Gunning modification of

Kjeldahl's method. The results obtained are reported in Table V.
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Table V.

—

Nonprotein nitrogen of healthy and diseased spinach

HEALTHY SPINACH
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Examination of Table V, first section, shows that the calculated

percentage of nonprotein nitrogen is usually higher than that found

directly by analysis. This is especially marked in the case of No. i to 10,

in which the filtrates from protein copper precipitate were concentrated

on the water bath without having previously been acidulated. Hov/-

ever, where acidulation of the filtrates did take place, as in No. 11 to 17,

the difference in the results is still not inconsiderable. It seems reasonable

to ascribe the loss of nonprotein nitrogen, at least in part, to the heating

of the spinach with copper hydroxid (incidental to the Stutzer method)

whereby the amids, which, as will be shown later, are contained in the

spinach, undoubtedly lose a part of their nitrogen as ammonia in addi-

tion to the loss of ammonia present as such in the plant. From the data,

which will be given later in this paper, it will be noticed that the sum of

ammoniacal and acid amide nitrogen in the healthy spinach tissues is,

as a rule, higher than the percentage present in the diseased tissues.

For this reason it could be expected that the difference between the

nonprotein nitrogen found and the nonprotein nitrogen calculated would

be greater in the case of the healthy plant tissues. Just why in the case

of the diseased spinach the nonprotein nitrogen calculated and found is

practically the same needs still further investigation.

EXTRACTION OF THE NONPROTEIN NITROGEN OF THE SPINACH

A preliminary experiment was made to ascertain how the nitrogen

can best be extracted from the spinach. Fifteen gm. of air-dry healthy

spinach were treated in a round-bottom flask with 100 cc. of boiling

hot ammonia-free water and digested on the steam bath with frequent

shaking for 15 minutes, when the substance was filtered through a Buch-

ner funnel provided with a filter, the extraction being repeated three

more times. The final cake remaining on the Buchner fu^nel was thor-

oughly washed with boiling hot water. The combined filtrates and wash-

ings were acidified with acetic acid, boiled for a few minutes, filtered,

and washed as usual on a filter. The filtrate and washings were cooled

and made up to i liter. Two more portions of 15 gm. each were treated

as outlined, with the difference that these two portions were extracted

six and eight times, respectively. Nitrogen estimations in aliquots of the

three extracts, showed that they contained, respectively, 55.86, 58.28,

and 59.31 per cent of the total nitrogen. Inasmuch as the healthy

spinach contains about 50 per cent of protein nitrogen (see Table IV),

the fact that the three extracts contained nitrogen in excess of what

could be expected, and more of it the more frequently the substance was

extracted, seemed to indicate that a part of the protein nitrogen went into

solution, probably through peptonization. The extraction was then

modified so as to use a smaller amount of water and to effect the extrac-

tion more rapidly. The procedure was as follows

:
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Eighty gm. of air-dried spinach material were introduced into two

500 cc. round-bottom flasks (about equal amounts), and 200 cc. of

boiling hot ammonia-free water added to each of the flasks, which were

now kept on the water bath for 10 to 15 minutes. The digested spinach

was then sucked off through a Buchner funnel, provided with a linen

cloth filter (instead of a paper filter which filters very slowly). The cake

remaining on the Buchner funnel was transferred to the round-bottom

flasks, hot water added to original volume (about 150 cc. water to each

flask), kept on the steam bath, etc., the exi:raction having been effected

altogether four times. The combined extracts were distinctly acidified

with acetic acid, using a small excess of it, and boiled for a few minutes.

The extracts so treated were then filtered and washed on a Gooch crucible

provided with a paper-pulp filter which, as was shown by Jodidi and Kel-

logg, proved to be an efficient filter not only for the estimation of phos-

phoric acid (25), calcium and magnesium (26), and in general for quanti-

tative analysis (27), but also for the separation of solids from liquid {28)

in general chemical work, especially when a comparatively small precipi-

tate is contained in a large volume of liquid. On cooling, the liquid

was made up to 2,000 cc, of which two or three portions of 25 cc. each

were oxidized according to Kjeldahl's method to ascertain the amount

of nitrogen extracted. The data are summarized in Table VI.

Table VI.

—

Nitrogen in water extract of healthy and diseased spinach



Nov. i8, 1918 Physiological Studies of Normal and Blighted Spinach 397

spinach, where the amounts of soluble nitrogen plus protein nitrogen

range from 106 to no per cent. Giving due allowance for the inaccura-

cies of the operation involved, it is reasonable to ascribe the discrepancies

noticed, not merely to the high results of Stutzer's protein method, but

also to the possibility that the protein of the diseased spinach examined

may perhaps differ from that of the healthy spinach in undergoing changes

more readily.

DISTRIBUTION OF THE WATER-SOLUBLE NITROGEN IN SPINACH

The determination of the nitrogen of acid amids, diamino acids, and
monoamino acids was made essentially according to Hausmann's method

(jp, 20), as modified by Osborne and Harris {31), and as applied to

soils by one of the writers {Jodidi 21, 22, 23, 24). The estimation of

the nitrogen of compounds other than those mentioned was made
according to methods which will briefly be described subsequently in this

paper.

Ordinarily to 250 cc. of spinach solution, prepared as outlined above and
corresponding to 10 gm. of air-dry spinach, concentrated hydrochloric

acid was added to a concentration of 20 per cent, and boiled under a

reflux condenser 30 minutes. The hydrolyzed substance was now quan-
titatively transferred to a porcelain dish and evaporated on the steam
bath practically to dryness.

In order to ascertain whether or not all of the acid amid nitrogen was
split off as ammonia under the conditions outlined, and at the same time

to completely hydrolyze any polypeptids present, another portion of

250 cc. of the same spinach extract was treated with enough concentrated

hydrochloric acid to give a 20 per cent concentration and boiled under

a reflux condenser for 8 hours. The fact that not all of the nitrogenous

constituents of plants are known, and the consideration that some of

them might be decomposed by boiling with 20 per cent hydrochloric

acid, made it desirable to hydrolize the spinach extract with as dilute

an acid as possible, but strong enough to split off quantitatively in the

form of ammonia the nitrogen of acid amids present. Inasmuch as

asparagin and glutamin are probably the principal acid amids contained

in plants, their behavior toward hydrochloric acid of different strength

was here of special interest. Unfortunately, the writers had to confine

the experiment to asparagin only, not having any glutamin. Its chem-

ical behavior, however, is known to be very similar to that of asparagin,

its lower homolog.

Two and five-tenths gm. of crystallized asparagin, with a nitrogen

percentage of 18.38 (the formula C^HgNjOg -f- HjO requires 18.66 per cent

N), were dissolved in water and made up to 350 cc. Of this solution por-

tions of 20 cc, each, were transferred to small round-bottom flasks to

which concentrated hydrochloric acid was added until the desired per-
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centage was obtained, and boiled under reflux for a definite time. No.

I and 2 were then neutralized with sodium hydroxid, and on addition

of 3 gm. of magnesium oxid were subjected to distillation, while No.

3 to 14 were directly distilled with 3 gm. of magnesia. The results are

recorded in Table VII.

Table VII.

—

Hydrolysis of asparagin with hydrochloric acid

No.
Strength of

hydrochloric
acid.

Boiled under
reflux.

Ammoniacal nitrogen found.

Observed. Average.

Per cent.

1 .

2 .

3-

4-

s-
6.

7-
8.

9-
10

II

12

13

14

20
20

Hours.

K
Algm.

11-43
II. 50
Lost.

II. 61

12.34
12.05
11. 92
12. 22

12. 27
12.36
12. 36
12.44

Per cent.

47-53

43- 6&

44.22

46. 46

45-97

46. 92

47.22-

From the table it follows that boiling asparagin with 4 per cent hydro-

chloric acid for 2 hours split off, in the form of ammonia, as much nitro-

gen as did boiling with 20 per cent hydrochloric acid for 30 minutes.

DESCRIPTION OF METHODS

(i) The total soluble nitrogen, as mentioned already, was usually estimated in

25-cc. portions of the aqueous spinach extract according to the Gunning modification

of the Kjeldahl method.

(2) The nitrogen of ammonia present as such in the spinach materials was esti-

mated according to Grafe's method {14), which is based upon the work of Wurster,

Boussignault, Folin, Kriiger, and Reich. Ordinarily 20 gm. of air-dry spinach were

introduced into a 2 -liter round-bottom flask with the aid of 50 cc. of saturated sodium-

chlorid solution, 50 cc. of distilled water, 25 cc. alcohol, and the whole mixed thor-

oughly. The flask was then connected with a Peligot tube (of about 400 cc. capacity)

usually containing 20 cc. of N/^ sulphuric acid, whereupon 25 cc. of saturated sodium-

carbonate solution were added . After the whole apparatus was carefullymade air-tight,

the burner under the water bath was lighted and the suction pump (May-Nelson)

brought into action. The first 3 hours the distillation took place at 25° to 28° C, the

last 3 or 4 hours at about 37°. The absolute pressure observed was mostly about 20 mm.
(ranging from 5 to 45 mm.). The ammonia found in the spinach bj' this method
was taken to represent also the ammonia in the aqueous spinach extract. A direct

ammonia determination in the spinach extract, because of the heat applied at the

extraction, was deemed inaccurate.

(3) The acid amid nitrogen was estimated in 250-cc. portions of the spinach

extract. The latter, on hydrolysis, was evaporated to dryness, transferred quanti-

tatively to an Soo-cc. Kjeldahl flask of Pyrex glass with the aid of 100 cc. of distilled
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water. Two grams of magnesium oxid, previously reduced to cream with 100 cc. of

water, were added to the flask and distilled, the distillate being received in an Erlen-

meyer flask containing Njio sulphuric acid. From the ammoniacal nitrogen found
by titration the ammonia nitrogen found in (2) was subtracted, giving the nitrogen of

the acid araids.

That the distillates obtained at the distillation of the hydrolyzed and evaporated
spinach extracts with magnesium oxid actually represented ammonia was shown by
the preparation of chloroplatinates from the distillates in question. The platinum
double salts usually, though not always, showed a platinum percentage which was close

to the 43.93 required by the formula (NH4)2PtCl6.

(4) The humin nitrogen, which resulted from the action of the boiling hydro-
chloric acid upon the aqueous spinach, and which was due in part to the presence in the

latter of diamino acids and monoamino acids, was estimated in the magnesium-oxid
residue remaining in the Kjeldahl flask from the acid amid estimation in (3). The
magnesium-oxid residue was completely decanted off on a Gooch crucible provided
with a linen cloth fllter, the filtrate being received in a beaker placed in Witt's Alter-

ing apparatus. The residue was now repeatedly (about 10 times) treated with small

quantities (25 cc.) of boiling hot water, and finally quantitatively filtered and washed
on the Gooch crucible (filtrates and washings being received in another beaker).

The magnesium-oxid cake with the aid of dilute sulphuric acid was then quantita-

tively transferred to a 500 cc. Kjeldahl flask and the nitrogen estimated according to

Kjeldahl 's method.

(5) The basic nitrogen was estimated in the filtrates and washings from the

magnesium-oxid cake obtained in (4). The combined liquids, with the exception of

the first decantation, which in order to avoid the formation of a brown precipitate

was not concentrated, were evaporated on the water bath to a small volume. This
was added to the first decantation, cooled to 20° C, made up to 100 cc, and treated

with 5 gm. of sulphuric acid, 30 cc. of a solution containing 20 gm. of phosphotungstic

acid, and 5 gm. of sulphuric acid per 100 cc. After at least 24 hours, the precipitate

was filtered through an S. and S. filter and washed with about 200 cc. of a solution

containing 2.5 gm. of phosphotungstic acid and 5 gm. of sulphuric acid per 100 cc,
the washing being effected by rinsing the precipitate from the filter into a beaker and
returning to the filter three times. The washed precipitate was then Kjeldahlized

and tritrated, giving the proportion of the basic nitrogen.

That diamino acids formed a part of the basic nitrogen was demonstrated in the

following way: Another portion of the phosphotungstic-acid precipitate obtained in

the manner outlined was treated with barium hydroxid in excess, and the barium
phosphotungstate filtered out and washed. Filtrate and washings were not treated

with carbon dioxid to remove the excess of bar3rta, the filtrate and washings from

barium carbonate being evaporated on the water bath to a small volume. This

concentrated solution gave the following tests:

1. Phosphotungstic-acid solution gave immediately a heavy, white precipitate.

2. Phosphomolybdicacid gave a yellow precipitate.

3. MercToric chlorid gave a gray flocculent precipitate.

4. Silver nitrate gave a grayish-white precipitate, soluble in excess of ammonia.

5. The solution was distinctly alkaline.

6. Addition of neutralized formaldehyde to the alkaline solution made it turn

acid, pointing to the presence of carboxyl and amino groups.

(6) The monoamino acid nitrogen was estimated in the filtrate from the phospho-

tungstic-acid precipitate. To remove the excess of phosphotungstic and sulphuric

acids from the filtrate the latter was treated with barium hydroxid whose excess was

removed with carbon dioxid. Both tlie barium phosphotimgstate (plus barium sul-

phate) and the barium-carbonate precipitates were repeatedly washed with boiling
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hot water. Filtrate and washings from barium carbonate were evaporated on the

water bath to small volume, filtered, washed, and finally made up to 100 cc., of which
20 cc. were Kjeldahlized to ascertain the quantity of nitrogen present. The remaining

80 cc. were formol-titrated, having previously been freed -from carbon dioxid and
phosphoric acid whose presence would interfere with formol titration {46). For

this purpose there were added to the 80 cc. of the solution 2 gm. of barium chlorid

which were dissolved by shaking, then i cc. of a 0.5 per cent of phenolphthalein

solution and enough of saturated barium hydroxid solution until a red color appeared.

Five cc. of NJs barium hydroxid were added in excess, made up to the mark with

water (usually 100 cc), shaken and filtered after a few minutes. Of this filtrate

definite quantities, usually of 40 cc. each, were neutralized with NJ^ hydrochloric

acid and formol titrated, the data of the titration being recalculated to the total soluble

nitrogen. In cases in which the solution was too dark for formol titration, it was
decolored by the formation in the solution of a precipitate of silver chlorid (or copper

sulphid). Ordinarily the solution was rendered acid with NI2 hydrochloric acid,

whereupon about 10 cc. of NJ2 silver-nitrate solution was gradually added while the

flask was constantly shaken. Inasmuch as the presence of silver wouM interfere

with the formol tritration, care was taken to insiue an excess of the chlorin ion in

the solution by adding to it about 5 cc. of 2 A^ barium-chlorid solution. The silver-

chlorid precipitate formed in the solution usually carries down the coloring substance,

so that the filtrate shows a yellowish light color and can then readily be formol titrated

.

(7) The PEPTiD NITROGEN was estimated in the aqueous spinach extract, on hydroly-

sis with 20 per cent hydrochloric acid for 8 hours. From the hydi'olyzed solution

ammonia and humin nitrogen were removed in the manner already described. The
filtrate and washings from magnesium-oxid residue were then evaporated on the water

bath, cooled, and made up to 100 cc, of which 20 cc. were Kjeldahlized to ascertain

the nitrogen present. The remaining 80 cc. were freed from carbon dioxid, phosphoric

acid, and coloring matter, as outlined above. Aliquots of the filtrate (made up to

100 cc.) usually portions of 40 cc. each, were then formol-titrated. From the amino

acid nitrogen found here, was subtracted the amino-acid nitrogen (minus tlie ammonia
present as such) which was found directly in the water extract of the spinach materials

by formol titration.

(8) The residual solubi^e nitrogen made up of nitrogenous compounds other than

those given above constitutes the difference between the total water-soluble nitrogen

and the sum of the nitrogen found as ammoniacal nitrogen in (2), acid amid nitrogen

in (3), humin nitrogen in (4), basic nitrogen in (5), monoamino acid nitrogen in (6),

and peptid nitrogen in (7).

The results obtained by the methods described are summarized in Table VIII.

As will be seen, the first section of Table VIlI presents the results

expressed in percentage of the total soluble nitrogen of the spinach mate-

rials, while in the second and third sections the data are expressed in

percentage of the total nitrogen and of the oven-dried spinach material,

respectively.

The total nitrogen of the spinach is given in Table III. The exam-

ination of the latter part of this table shows that, with one exception,^

the nitrogen content of all the healthy spinach materials is higher than

the nitrogen content of the corresponding diseased materials. It is true

that investigation showed that the soil of the diseased spinach has a

1 Compare No. s of Table III, first part, with No. 4 of the second part.
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somewhat higher concentration of salts than the soil of the healthy

plants; other properties, however, like humus content, water-holding

capacity, were in favor of soil poorer in nitrogen. If any clear difference

existed, the soil of the diseased spinach was superior to that yielding the

healthy spinach. This being true, it was evident that the cause of the

lower nitrogen content of the diseased spinach was to be sought in the

plant itself.

The loss of nitrogen may occur through denitrification, which, if it

does take place in the diseased spinach, would satisfactorily explain its

lower nitrogen content as well as other phenomena which will be men-

tioned subsequently in this paper. The first step in the process of

denitrification consists primarily in the reduction of the nitrates to

nitrites. The latter react on acid amids, which, as we have seen, are

present in the spinach tissues, whereby elementary nitrogen is set free.

This reaction can be presented chemically as follows

:

R.CO.NH2+NO.OH =R.CO.OH-fN2-I-H0O.

Acid amid. Fatty acid.

Thus, Doth the nitrogen of nitrates and of acid amids would be lost

through the process of denitrification, explaining the lower nitrogen

content in the diseased spinach.

In the process of denitrification the reduction seems not to stop after

the nitrates have been reduced to nitrites, but the latter seem often in

part to be further reduced to ammonia. If this took place, it is evident

that the diseased spinach tissues would show a somewhat higher per-

centage of ammoniacal nitrogen than the corresponding healthy tissues.

This is actually the case, as a glance at the data from the winter-collected

material in Table VIII shows (column 7).

Conversely, a somewhat smaller acid amid nitrogen content would be

expected in the diseased spinach tissues than in the corresponding

healthy tissues, because of the fact that the acid amids by reacting with

the nitrites in accordance with the supposed reaction would lose their

nitrogen in gas form. Evidence to support this explanation is found in

Table VIII (column 8).

An examination of column 9 of the same table shows that the percent-

age of humin nitrogen in the diseased spinach is, as a rule, higher than

in the healthy spinach. Hart and Bentley {15) and Roxas (40) in Hart's

laboratory have demonstrated that the formation of humin nitrogen

takes place at the expense of diamine acids and monoamine acids. In-

asmuch as, under similar conditions, the humin nitrogen was formed in

the spinach extract by boiling with hydrochloric acid, it is evident that

the proportions of monoamino acids and basic nitrogen originally present

were higher than the values given in Table VIII (columns 10 and 11)

—

namely, by the amount of humin nitrogen formed

83816°— 18
3
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As will be seen by reference to Table VIII, column 12, the percentage

of peptid nitrogen is usually higher in the healthy tissues than in the

diseased tissues.

The diseased spinach collected in May, 191 6, is strikingly different from

the diseased spinach gathered in December, 191 5, and January, 191 6,

An examination of Table VIII shows that the percentage of nitrogen in

the form of acid amids and basic nitrogen is smaller in the former than in

the latter. This, together with the fact that the protein nitrogen of the

May sample is higher than that of the December and January samples

(see Table IV) points to the former as being in a riper state whereby the

acid amids and basic-nitrogen compounds have preferably been used by

the plant for building up protein substance.

The results for residual soluble nitrogen in which the different fluctua-

tions of the various constituents (ammoniacal nitrogen, acid amid nitro-

gen, etc.) are reflected, range from 10 to 17 per cent in the case of the

healthy spinach, and from 15 to 19 per cent in the case of the diseased

materials. The May sample has as much as 27 per cent, calculated on

the total soluble nitrogen.

SUMMARY

(i) It has been shown (p. 381-384) that carbohydrates accumulate in

the leaves of plants affected with the spinach-blight in considerably

greater quantity than in normal leaves.

(2) In this paper it is shown that the accumulation is not due to the

inability of the diseased plants to make proteins. Although these con-

stituents are found in the tops of the diseased plants in a somewhat

smaller percentage calculated on the dry weight of the material than in

the normal tops, the proteins make up a larger proportion of the total

nitrogen in the diseased than in the healthy material. The proteins in

the roots of diseased plants exceed those found in the roots of normal

plants, both in reference to the dry weight of the material and to the

total nitrogen.

(3) Spinach-blight is physiologically characterized by retarded growth,

and a lower moisture content. This seems to be due to the fact that

the rapidly growing normal tissues are comparatively rich in water and

poor in complex organic compounds, such as proteins, etc.

(4) The lower percentage of total nitrogen and of acid amid nitrogen

in the diseased material can best be explained by the assumption that

denitrification takes place in those tissues, whereby a part of the nitrogen

may be lost either as elementary nitrogen or in the form of ammonia.

(5) The reason for the higher proportion of ammoniacal nitrogen in

the diseased material than in the corresponding healthy tissues would

be sought in the processes of denitrification, whereby a part of the ni-

trites is further reduced to ammonia.



Nov. i8, 1918 Physiological Studies of Normal and Blighted Spinach 405

LITERATURE CITED
(i) AbdERHALdEn, Etnil.

1915. WEITERE STUDIEN iJBER DEN STICKSTOKFSTOFPWECHSEIv . . . /« Ztschr.

Physiol. Chem., Bd. 96, Heft K. P- i-i47-

(2) AcKROYD, Harold, and Hopkins, F. G.

1916. FEEDING EXPERIMENTS WITH DEFICIEI^CIES IN THE AMINO-ACID SUPPLY;

ARGININE AND HISTIDINE AS POSSIBLE PRECURSORS OF PURINES. In

Biochem. Jour., v. 10, no. 4, p. 551-576, 3 fig. References, p. 576.

(3) Bach, A., Chodat, R.

1904. UNTERSUCHUNGEN tJBER DIE ROLLE DER PEROXYDE IN DER CHEMIE DER

LEBENDEN zellE. In Ber. Deut. Chem. GeselL, Jahrg. 37, No. 10,

p. 2434-2440, 2 fig.

(4) BerthElot, and Andre, G.

1895. SUR LA PRESENCE DE l'aLUMINE DANS LES PLANTES ET SUR SA REPARTI-

TION. In Compt. Rend. Acad. Sci. [Paris], t. 120, no. 6, p. 288-290.

(5) Bertrand, Gabriel.

1897. SUR L'intervention du manganese dans LES OXYDATIONS provo-

Qu^ES PAR LA LACCASE. In Compt. Rend. Acad. Sci. [Paris], t. 124,

no. 19, p. 1032-1055.

(6) BoncquET, p. a.

19 1 6. PRESENCE OF nitrites AND AMMONIA IN DISEASED PLANTS ... In

Jour. Amer. Chem. Soc, v. 38, no. 11, p. 2572-2576.

(7) BUNZELL, H. H.

I912. the measurement of the OXIDASE CONTENT OF PLANT JUICES. U. S.

Dept. Agr. Bur. Plant Indus. Bui. 238, 40 p., illus., 2 pi.

(8)

(9)

(to)

1913. A BIOCHEMICAL STUDY OF THE CURLY-TOP OP SUGAR BEETS. U. S.

Dept. Agr. Bur. Plant Indus. Bui. 277, 28 p., tab.

I914. OXIDASES IN HEALTHY AND IN CURLY-DWARF POTATOES. In JoUT. Agf.

Research, v. 2, no. 5, p. 373-404. Literature cited, p. 403-404.

1914. \ SIMPLIFIED AND INEXPENSIVE OXIDASE APPARATUS. In JoUT. Biol.

Chem., V. 17, no. 3, p. 409-411, i fig.

(11) Cramer, W.
I916. ON THE BIOCHEMICAL MECHANISM OF GROWTH. In JoUr. Physiol., V.

50, no. 5, p. 322-334, 2 fig.

(12) CzAPEK, Friedrich.

1905. BiocHEMiE DER PFLANZEN. Bd. 2. Jena,

(13) DoBY, Geza.

191I-I2. BIOCHEMISCHE UNTERSUCHUNGEN UBER DIE BLATTROLLKRANKHEIT DER
KARTOFFEL. In Ztschr. Pflanzenkrank., Bd. 21, Heft X. P- 10-17;

Heft 6, p. 321-336, 191 1 ; Bd.22,Heft4, p. 204-211; Heft 7, p. 401-403

1912. Literatur, Bd. 21, p. 17.

(14) Grafe, Erich.

1906. METHODISCHES ZUR AMMONIAKBESTIMUNG IN TIERISCHEN GEWEBEN
hi Ztschr. Physiol. Chem., Bd. 48, Heft 3/4, p. 300-314.

(15) Hart, E. B., and Bentley, W. H.

1915. THE character OP THE WATER-SOLUBLE NITROGEN OF SOME COMMON
FEEDING STUFFS. In Jour. Biol. Chem., v. 22, no. 3, p. 477-483.

(16) Harter, L. L.

1909. the control op malnutrition diseases op truck crops. va. tfuck

Exp. Sta. Bui. I, 16 p., 4 fig.



4o6 Journal of Agricultural Research voi. xv, no. 7

(17) Harter, L. L.

19io. spinach troubles at norfolk and improvement of trucking soils.

Va. Truck Exp. Sta. Bui. 4, p. 61-80, 22 fig.

(18) HassELBRing, Heinricli, and AlsbErg, C. L.

1910. studies upon OXIDASES. (Abstract.) In Science, n. s. v. 31, no. 799,

P- 637-

(19) Hausmann, Walther.

1899. UEBER DIE VERTHEILUNG DES STICKSTOFFS IM EIWEISSMOLEKUL. In

Ztsclir. Physiol. Chem., Bd. 27, Heft 1/2, p. 95-108.

(20) .

1900. UEBER die VERTHEILUNG DES STICKSTOFFS UA EIWEISSMOLEKUL. II.

Mittheilung. In Ztschr. Physiol. Chem., Bd. 29, Heft 2, p. 136-145.

(21) JODIDI, S. L.

1909. ORGANIC NITROGENOUS COMPOUNDS IN PEAT SOILS. Mich. Agr. Exp.

Sta. Tech. Bui. 4, 28 p. 1909. Also in Jour. Amer. Chem. Soc, v. 32,

no. 3, p. 396-410. 1910.

(22)

1911. THE CHEMICAL NATURE OF THE ORGANIC NITROGEN IN THE SOIL. lowa

Agr. Exp. Sta. Research Bui. i, 46 p, i fig. 1916. Also in Jour. Amer.

Chem. Soc, v. 33, no. 7, p. 1226-1241.

(23)

1912. THE CHEMICAL NATURE OF THE ORGANIC NITROGEN IN THE SOIL. In

Joiu-. Amer. Chem. Soc, v. 34, no. i, p. 94-99-

(24) and Wells, A. A.

191 1. THE CHEMICAL NATURE OP THE ORGANIC NITROGEN IN THE SOIL. Influ-

ence of various factors on decomposition of soil organic matter. Iowa

Agr. Exp. Sta. Research Bui. 3, p. 113-154, 4 fig.

(25) 7 and Kellogg, E. H.

1916. A SIMPLE, EFFICIENT, AND ECONOMIC FILTER. In Biochem. Bui., V. 5,

no. 18-19, P- 87-94. Also in Proc 2d Pan Amer. Sci. Congr., v. 8

(sect. 7), p. 704-708, 1917. Reviewed in Rev. Gen. Sci., v. 27, p.

392, 1916.

(26)

1916. THE APPLICATION OF THE PAPER -PULP FILTER TO THE QUANTOTATIVE

ESTIMATION OF CALCIUM AND MAGNESIUM. In Jour. Franklin Inst.,

V. 181, no. 2, p. 217-232, I fig. Also in Chemical Engineer, v. 23,

p. 60-65; 1916; and in Proc 2d Pan Amer. Sci. Congr., v. 8 (sect. 7),

p. 843-849. 1917.

(27)

1916. THE GENERAL APPLICABILITY OF THE PAPER PLTLP FILTER TO QUANTITA-

TIVE ANALYSIS. In Jour. Indus, and Engin. Chem., v. 8, no. 4, p. 317-

319-

(28)

1916. NOTE ON THE APPLICABILITY OP THE PAPER PULP FILTER TO THE SEPA-

RATION OF SOLIDS FROM LIQUIDS. In Jour. Franklin Inst., v. 182,

no. I, p. 61-67. Also in Chem. Engin. and Manuf., v. 24, no. 2, p. 79-

81. 1916.

(29) McClintock, J. A., and Smith, L. B.

1918. TRUE NATURE OF SPINACH-BLIGHT AND THE RELATION OF INSECTS TO ITS

TRANSSMISSION. In Jour. Agr. Research, v. 14, no. i, p. 1-60, pi.

A, i-ii.

(30) Mathews, A. P.

1909. THE SPONTANEOUS OXIDATION OF SUGARS. In Jour. Biol. Chem., V. 6,

no. I, p. 3-20, 4 fig.



Nov. i8. 1918 Physiological Studies of Normal and Blighted Spinach 407

(31) Osborne, T. B., and Harris, I. F.

1903. NITROGEN IN PROTEIN BODIES. In Jour. Amer. Chera. Soc, v. 25, no.

4. P- 323-353-

(32) and Mendel, L. B.

I913. THE RELATION OF GROWTH TO THE CHEMICAL CONSTITUENTS OP THE DIET.

/« Jour. Biol. Chem., v. 15, no. 2, p. 311-326, 7 charts

(So)

(34)

1914. AMiNO-ACiDS IN NUTRITION AND GROWTH. In Jour. Biol. Chem., V. 17,

no. 3, p. 325-349. 8 charts.

I915. THE COMPARATIVE NUTRITIVE VALUE OF CERTAIN PROTEINS IN GROWTH,
AND THE PROBLEM OP THE PROTEIN MINIMUM. In JoUf. Biol. Chem.,

V. 20, no. 3, p. 351-378, 10 charts.

(35) •

I916. THE AMINO-ACID MINIMUM FOR MAINTENANCE AND GROWTH, AS EXEM-
PLIFIED BY FURTHER EXPERIMENTS WITH LYSINE AND TRYPTOPHANE.

In Jour. Biol. Chem., v. 25, no. i, p. 1-12, 4 charts.

(36) .

I916. A QUANTITATIVE COMPARISON OP CASEIN, LACTALBUMIN, AND EDESTIN

FOR GROWTH OR MAINTENANCE. In Jour. Biol. Chem., V. 26, no. i.

. p. 1-23, 4 charts.

(37) Palladin, W.
1912. uber die bedeutung der atmungspigmente in den oxidation-

SPROZESSEN DER PFLANZEN UND tierE. In Ztschr. Garungsphysiol.,

Bd. I, Heft 2, p. 91-105.

(38) PORTIER, Paul

1897. LES OXYDASES DANS LA S^RIE ANIMALE, LELTl r6lE PHYSIOLOGIQUE.

114 p. Paris.

(39) RiTTHAUSEN, Heinrich.

1872. DIE EIWEISSKORPER DER GETREIDEARTEN, HULSENPRUCHTE UND OLSA-

MEN. . . . 252 p.. Bonn.

(40) RoxAS, M. L.

I916. The reaction BETWEEN AMINO-ACIDS AND CARBOHYDRATES AS A PROB-

ABLE CAUSE OP humin FORMATION. In JouT. Bipl. Chem., v. 27, no.

I, p. 71-93.

(41) Schulze, E.

1883. ueber das vorkommen vom hypoxanthin im kartoffelsaft. In

Landw. Vers. Stat., Bd. 28, p. 111-115.

(42) , and BarbiERI, J.

1878. UEBER DEN GEHALT DBR KARTOFFELKNOLLEN AN EIWEISSSTOFFEN UND
AN AMiDEN. In Landw. Vers. Stat., Bd. 21, p. 63-92.

(43)

1880. UEBER DAS VORKOMMEN VON LEUCIN UND TYROSIN IN DEN KARTOFFEL-

KNOLLEN. In Landw. Vers. Stat., Bd. 24, p. 167-169.

(44) and BossHARD, E.

1886. UEBER DAS VORKOMMEN VON GLUTAMIN IN DEN ZUCKERRUBEN UND
UBER DAS OPTISCHE VERHALTEN DESSELBEN. In Landw. \^ers. Stat.,

Bd. 32, p. 129-136.

(45) and Eugster, E.

1882. NEUE BEITRAGE ZUR KENNTNISS DER STICKSTOFFHALTIGEN BESTAND-

THEiLE DER KARTOFFELKNOLLEN. In Landw. Vers. Stat., Bd. 27, p.

357-373. 1 fig-

(46) SORENSEN, S. p. L.

1907. ENZYMSTUDiEN. In Biochem. Ztschr., Bd. 7, Heft 1/2, p. 45-101.



4o8 Journal of Agricultural Research voi. xv, no. 7

(47) Stutzer, a.

1880. untersuchungen user die quantitative bestimmung des protein-
stickstofps und die trennung der proteinstofke von anderen
IN PFLANZEN VORKOMMENDEN STICKSTOFFVERBINDUNGEN. In Jour.

Landw., Jahrg. 28, p. 103-123.

(48) Traube, J.

1913. iJBER KATALYSE. In Arch. Gesam. Physiol., Bd. 153, Heft 5/6/7, p.

309-322.

^49) Wolff, E. T. von

1880. aschen-analysen . . . T. 2. Berlin.

(50) Woods, A. F.

1899. THE destruction OF CHLOROPHYLL BY OXIDIZING ENZYMES. In Centbl.

Bakt. [etc.], Abt. 2, Bd. 5, No. 22, p. 745-754.

(51)

1902. OBSERVATIONS ON THE MOSAIC DISEASE OF TOBACCO. U. S. Dept. Agf.

Bur. Plant Indus. Bui. 18, 24 p., 6 pi. (partly col.).



FURTHER STUDIES ON BRISKET DISEASE
By George H. Glover and L. E. Newsom

Veterinary Section, Colorado Agricultural Experiment Station

INTRODUCTION

A previous publication^ of this Station presented a preliminary report

of a peculiar dropsical condition found among cattle in the mountains of

Colorado which the stockmen call "brisket disease." Some of the more
technical studies made previous to the publication of that report were

purposely omitted from it, but are given here, with the addition of such

observations as we have been able to make since that time.

Altogether we have studied 45 cases, more or less completely, which

form the basis of this paper. Reports from New Mexico and Wyoming
indicate the existence of disease in that part of this country, but we
have never been able to definitely locate it in the high altitudes of any
other country. Dr. E. Hess, cattle pathologist, of Berne, Switzerland,

informs us that he knows nothing of the disease in that country.

CONDITION OF HEART

The heart, being suspected early as the organ at fault, came in for a

considerable share of attention. As stated in a former publication, it is

usually very large, flabby, and rather misshapen. Plate 28, B, shows a

normal and a diseased heart from two 4-months old calves of approxi-

mately the same weight. The normal heart weighed i}4 pounds, while

the one from the calf dead of brisket disease weighed 3X pounds.

Being anxious to determine whether the hearts of animals raised at

high altitudes actually weighed more than those at sea level, a series of

hearts were weighed at three packing centers: Denver, Colorado; San
Francisco, California; and Fort Worth, Texas. The weighings at

Denver were made by Dr. E. W. Alkire, those at San Francisco by Dr.

E. A. Meyer, and those at Fort Worth by Dr. O. W. Seher, the two last-

named being veterinary inspectors of the Bureau of Animal Industrv.

Special instructions were given the men so that the trimming might be

done in the same manner, and it is believed the results are properly

comparable. The hearts were split in such a way that the four cavities

were laid open and the vessels were trimmed close to the organ. In

most instances a portion of the top of the left auricle was removed.

The results of these weighings are given in Table I. It is not considered

necessary to give in detail the other characters of the disease, except to

say that the animals show generalized edema and enlarged and sclerozed

livers such as would be expected in cardiac weakness (Pi. 28, A; 29; 30).

' Glover, G. H., and Newsom I. E- brisket disease (dropsy of high altitudes). Colo. Agr. Exp.
Sta. Bui. 204, 24 p., illus. 1915.
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Lots 2 and 7 were not included in the summary for the following

reasons

:

Lot 2 consisted of only four animals, of which No. i had a carcass

weight of 539 pounds, with a heart weight of 6.5 pounds. The heart

was clearly pathological; therefore it was not thought proper to include

the lot.

Lot 7 included 9 cows from Falcon, Colo. This lot is of some interest

because the hearts averaged lower than either those from San Francisco

or Fort Worth, but since the animals were neither from an extremely

high nor a very low altitude they were not included in the summary.

It will be seen from Table I that heart weighings were made on 224

cattle raised at high altitudes and 138 raised near sea level. The animals

from high altitudes averaged 9 pounds heavier in carcass weight and
had hearts averaging 0.542 pound heavier. On the basis of i ,000 pounds
of carcass weight the only proper one for comparison, there was a dif-

ference of 0.879 pound in favor of the animals from high altitudes. This

number of weighings is probably too few on which to base a conclusion,

but the results seem to be in accord with the observations of others made
on the subject, and also with what one may reasonably expect, that

these animals have heavier hearts than those raised near sea level.

Heger and Meyer, working with guinea pigs and rabbits kept at known
air pressures, found the weights of the hearts as shown in Table II.

Table II.

—

Weights of hearts of guinea pigs and rabbits, according to Heger atid Meyer

Animal.

21 guinea pigs.

15 rabbits

Air pressure.

Mm.
765
580
500

765
500
217

Average
weight of ani-

mals.

Gin.

529
448

445
892
870
,224

Average
weight of heart.

Gm.

3-85
3-42
4.92
5-76

9-75

Weight of
heart per i .000
gm. of body-

weight.

Gm.
7-334
8.594
7.686
5-528
6. 620

7-965

They conclude in the following language

:

From the experiment it appears that the thinning of the air had the effect of increas-

ing the weight of the lungs and heart, which was especially true of the rabbit. The
increase of weight is, in several cases, considerably more for the heart than the limgs.

EFFECT OF FEED ON BRISKET DISEASE

In order to determine whether the feed or anything in it was the

causative factor in the brisket disease, several animals were shipped to

the Colorado Experiment Station, where they were fed on hay that had
been raised in the high altitude of the South Park district. This hay
was of the typical South Park wire-grass, and was obtained from a Den-
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ver firm, who informed us that it came from that district. The animals

shipped for this determination received no treatment other than or-

dinary care and got no other food than the hay. Abundant water was

given.

Following is a detailed account of these cases

:

Case 2)2i-
—^^d. heifer, i year old; raised at Jefferson, Colo., altitude 9,500 feet;

arrived at Fort Collins on January 13, 1915. Was very dull, listless; the brisket was

somewhat swollen; the abdomen was greatly distended; diarrhea profuse; irregular and

rapid heart; respiration rapid and difficult, with grunting. An occasional moist

cough was noticed.

She was hauled to the Station stables and given South Park hay and water. She

ate not to exceed 5 pounds of hay during the next seven days, her appetite being prac-

tically gone (PI. 28, C). She gradually grew worse and died on January 21. The post-

mortem examination revealed typical lesions of brisket disease.

Case 34-—A calf 6 weeks old was shipped on February 13, 1915, by express from

Jefferson, Colo., altitude 9,500 feet, arriving at Fort Collins on the 14th. He was in a

moribund state on arrival and died on the night of the 14th without eating anything

after being delivered at the Station.

Case 35.—Red-and-white male calf, 6 months old, shipped on March 22, 1915, by
express from Woodland Park, Colo., altitude 9,000 feet. The calf had been ill for

two weeks previous to shipping. The owner had lost foiir others with the same trouble.

On arrival at the Station he was thin in flesh, and weak but not dull; tlie brisket was

slightly swollen, and the abdomen was enlarged. His appetite was good, and the

feces were normal. On South Park hay and water he gradually improved, so that on

the 27th the brisket became normal and on the 29th the abdomen had returned to

usual size. In all respects the calf was normal, except that he was thin in flesh. He
was kept tmder observation for two or three months, became fat, and finally was sold.

Case 38.—A 4-months-old heifer calf; shipped from Jefferson, Colo., and arrived

at Fort Collins on October 3, 1915. She had a rather severe diarrhea, but there was

no swelling of the brisket and not much enlargement of the abdomen. She was placed

on South Park hay, but, as she would not eat it, alfalfa was substituted for two days,

after which she was given the South Park forage. Diarrhea continued for six days,

when the feces became normal, and the calf improved so that she was sold on Novem-

ber 2, 1915, in good condition.

Case 39.—Hereford heifer, 6 months old, shipped to Denver from Jefferson, Colo.,

and arrived at the former place on October 11. When seen on that day, she was very-

dull, the brisket were badly swollen, and she was grunting with each breath. Her

appetite, however, was good. She remained in Denver until the i8th, when she

was shipped to Fort Collins, arriving there on the 19th. The brisket was still swollen,

although much reduced. She was placed on the South Park hay and continued to

improve, so that on October 23 the swelling had entirely disappeared. She became

normal and was sold on November 2.

Case 40.—Yearling Shorthorn steer; shippe'd to Denver with the preceding case.

Quite thin; had diarrhea, but no swelling of brisket. Arrived in Fort Collins on

the 19th, was placed on South Park hay, improved rapidly, and was sold in normal

condition on November 2.

Case 41.—A 2-year-old Hereford steer; shipped with cases 39 and 40 and treated

in the same manner. This steer was very thin, had a diarrhea, and was scouring

badly. He gradually improved on the South Park hay, but did not put on much
flesh tmtil spring. He gained in strength, and the scoiuing stopped at about the

tenth day after arrival at the Station. In March he was sent to pasture, and there

died of tympanites on March 29.
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These six cases were fed the high-altitude South Park hay in order to

determine whether the feed was a factor. The first two animals died

without eating enough of the hay to determine its effect, but the other

four improved and finally recovered on it. Therefore, we are led to

believe that the change of altitude and not the change in feed is the

essential factor in the recovery of animals from this disease on being

shipped to the lower levels.

SUMMARY

Our observations tend to shov/ that normal animals living in a high

altitude have a heavier heart than those living near sea level; that

animals affected with brisket disease had dilated, flabby, and heavy

hearts; that they have a high percentage of red corpuscles; that they

show generalized edema and enlarged and sclerosed livers, such as one

would expect in cardiac weakness; that they usually recover when
shipped to lower altitudes, but seldom do if they remain at the higher

levels ; and that the feed is not a factor ; that animals from low altitudes

are more often affected than natives; that calves sired by bulls from

low altitudes are more likely to be affected than those sired by native

bulls; that the higher the altitude the more prevalent is the disease.

We therefore have no hesitancy in concluding that the malady is due

to failure of acclimatization at high altitudes. The remedy lies not in

drugs, but in breeding a hardier strain of cattle which can accustom

themselves to the rigorous conditions incident to an existence at these

extreme altitudes.



PLATE 28

A.—Livers of normal calf and one affected with brisket disease. Same age. Nor

mal liver weighed ^}i pounds, the diseased 10 pounds.

B.—Heartsof normal animal and one that died of brisket disease. Same age. The

normal weighed i>^ pounds, the diseased 2,% pounds.

C.—Case ^^, a heifer showing the characteristic symptoms of the brisket disease.

(414)
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PLATE 29

A —Interlobular connective tissue in the liver of an animal dead of brisket disease.

The excessive weight and toughness of these livers seem to be referable to a new

formation of fibrous tissue.

B.—Fatty accumulation in the liver in early stage of brisket disease.



PLATE 30

A.—Edema around one of the arterioles in the kidney.

B.—Malpighian body in the kidney of an animal dead of brisket disease. Note
that Bowman's capsule is dilated and filled with detritus.
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OBSERVATIONS ON AN OUTBREAK OF FAVUS^

By B. A. Beach and J. G. Halpin

College of Agriculture and the Agricultural Experiment Station of the University of
Wisconsin

INTRODUCTION

Favus is a disease of the skin of animals, man, and poultry. In fowls

it begins as a white, scaly deposit on the unfeathered portions of the head

and may spread to the feathered parts of the skin, but never extends to

the internal organs.

Schonlein in 1841 was the first accurately to describe the disease.

Other investigators have since recorded their observations.

Favus is widespread, especially in chickens, which seem to be the most
susceptible of all poultry. In Wisconsin, to our knowledge, several severe

outbreaks have occurred in the last few years.

CAUSE

The cause of favus is a fungus which has been named Achorion Schon-

leinii after its discoverer. Some variations have been noted in the

appearance of the fungus that has been isolated by us. These were due

to the stain used and also to the condition of the culture when examined.

Young and actively growing cultures treated with methylene blue stain

deeply and fairly uniformly. In old, partially dry preparations stained

with methylene blue a limiting capsule may be seen. Internal to this

capsule is a central protoplasm which is more or less granular. The
spores are oblong in shape and are about 10 to 12 /^ long by 8 to 10 /z wide.

The processes of growth and reproduction in single spores and groups of

two or three were determined by the use of the Barber method.

There is seen during the first few hours a distension of the capsule fol-

lowed by elongation of the organism. This is probably what Ricketts ^

refers to when he speaks of the club-shaped appearance. After 24 hours,

branching mycelia may be seen. They continue to grow for about 48
hours, when, if conditions are right, the hyphae break up into spores

beginning at the far end and advancing toward the parent mycelium.

These observations were made by flooding isolated spores with a drop of

naturally sterile horse serum. The preparations were incubated at 37° C.

except during observation. In all cases it took about 48 hours for the

cycle of growth to be completed—that is, for one spore to produce

daughter spores. The organism in its morphology and method of repro-

duction bears considerable resemblance to some of the oidia.

> Published with the permission of the Director of the Wisconsin Agricultural Experiment Station.

2 Ricketts, Howard T. oidiomycosis (blastomycosis) op the skin and its fungi. In Jour.

Med. Research, v. 6 (n. s. v. i), no. 3, p. 373-547, pi. 22-33. 1901. Bibliography, pp. 538-544.
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Particles of the honeycomb-like crust were broken into small fragments

and shaken vigorously in sterile water to disintegrate the material.

Plates of potato-serum agar, acidified by the addition of 5 drops of an

Njio hydrochloric-acid solution to 10 cc. of the medium, were then in-

oculated with the above material. Forty-eight hours later there appeared

on the surface of the media grayish-white, cottony-like colonies, which,

when transferred to serum agar slopes at room temperature, gave a granu-

lar whitish growth along the stroke of the needle. After 10 to 14 days the

whole surface presented a frosted white appearance and became uneven.

The growth appeared to heap up in places, forming a finely granular

wrinkled appearance. It also grew down into the medium. With age

the growth assumed a yellowish tinge.

The following results were noted after seeding other media: Gelatin

was very slowly liquefied; growth on potato was very slow; litmus

milk became slightly reddish in tint, but was not coagulated; growth

in bouillon was slow, but greatly accelerated if 0.5 per cent of raw horse

serum was added. In this medium the growth first occurred as a

membranous mass on the surface, followed by a sedimentation and

slight turbidity. The particles were of a flocculent nature. The bouillon

did not assume the uniform turbidity seen in bacterial growth.

ANATOMICAL CHANGES

Microscopic examination of pieces of affected comb that had been

hardened in alcohol, embedded in celloidin, and sectioned revealed the

organism in the epithelial layers and also in the cutis. Dead tissue

cells, leucocytes, and bacterial cells w^ere present in considerable num-

bers. The fungi appeared to be assembled in groups of about 10, but

in one case as many as 50 were observed in a group. Branching forms

were numerous. Growth in the tissue apparently took place by branch-

ing. It is possible, however, that spores were formed, although none

were seen in any of the specimens studied. No abscesses nor ulcers

were seen in any of the cases.

Favus manifests itself clinically in the form of a dry, white, scaly

deposit, which usually appears first on the comb and then spreads to

the face and wattles. In advanced cases the feathered portions of the

body are attacked to such an extent that the skin is denuded of feathers

(Pi. 31). As long as the disease remains localized about the head the

general health is unimpaired. In such cases the egg production does

not seem to be interfered with. Where both the neck and body

are involved, constitutional changes may be noted. These disturbances

are probably the result of absorption from the necrosed epithelium and

of bacterial invasion. There is evidently no toxin produced by the

fungus.
ENZOOTIOLOGY

The first case of favus that came to our attention was in the flock on

a farm not far from the poultry yards of th,e experiment station. These

chickens were allowed to run at large, but could not come in contact
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with birds in the experiment station yards, as these were fenced. The
case mentioned above was discovered in October, 191 3, and the bird

taken to the university poultry building. Later it was placed with

some cockerels and pullets that were in quarantine and kept with them
untill April. In April all the birds were sold. Very careful observa-

tions were made, but none of the birds showed any signs of favus except

the cock bird previously mentioned.

On July 14, 1 91 4, breeding cocks from the Station flocks were placed

in the house and yards formerly occupied by the favus case. On October

12, 1 9 14, two of these cocks showed distinct lesions of favus. These

birds were isolated and treated with iodin and strong soap solution.

After many treatments they were apparently cured. Subsequently the

disease occurred in pens where these two males were placed and also in

other houses on the research plant, where these birds had never been.

Two pullets were taken from one of the infected pens on December 26,

1 91 4, and put with a clean flock about half a mile away. Careful obser-

vations were made, and on February 20, 1915, one of these pullets showed
distinct lesions of favus.

A careful watch was kept d'n the flock where the first case was found.

In fact, one of the writers has handled all the birds on this farm and
examined each bird carefully three times since the first case was dis-

covered, but has never been able to detect any other cases there. The
owner, who is quite a careful observer, stat'es that he had never observed

a case prior to the cock bird which, we believe, introduced the original

infection. Furthermore, this bird was raised on the farm. No new
stock had been introduced on that farm for at least three years, and, so

far as known, no other stock mingled with this flock.

TREATMENT

After much experimentation with lysol, tincture of iodin, and other

recommended remedies it was found that an ointment made of formal-

dehyde and vaseline was far more efficient than any of the other prepa-

rations. This ointment may be prepared by placing vaseline in a Mason
fruit jar and heating it in water until the vaseline melts. Then 5 per

cent by weight of commercial formaldehyde is added. The cover of the

jar should be tightened immediately and the mixture shaken until the

vaseline hardens. One or two applications of this preparation rubbed

thoroughly into the lesions usually will suffice. (See Table I.)

Table I-

—

Results of the treatment of favus with iodin and the vaseline-formaldehyde
ointment

Preparation used.
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By referring to Table I it will be seen that it was necessary to treat 45

cases five times with tincture of iodin in order to get satisfactory results.

Thirty of these birds were subsequently treated once with the vaseline-

formaldehyde ointment, but are not included in the table. The two cases

that required a second treatment with the ointment were very severe and

of long standing. All of the cases in this group made a rapid recovery.

EXPERIMENTAL STUDIES

Experiments to determine the method of infection in favus were car-

ried out as shown below. It should be stated that attempts to infect

a fresh, bleeding wound were unsuccessful.

Hen 138. Scarified small area on comb and wattles. The following day a small

quantity of material from an infected bird was instilled beneath the scab. Five weeks

later the disease was well under way. Recovery almost complete in six months.

Hen 610. Infected same as above. Infection very apparent three weeks later.

This case grew steadily worse, but finally responded to treatment.

Hen E146. Infected same as above. Infection apparent 15 days later. Hen de-

stroyed and comb used for culture and sectioning.

Hen 627. Fed large quantities of favus material. No lesions appeared.

Hen 669. Fed same as above with negative results.

Hen 10. Fed same as above with negative results.

Hen E106. Area under left wing scarified, scab removed and favus material in-

stilled the following day. No lesions appeared.

Hen 24. Same as above with negative results.

Hen E97. Favus material in salt solution was injected into the vein on under side

of wing. No lesions appeared.

Hen 25. Area on comb scarified, the following day scab was removed and small

quantity of culture isolated from E146 instilled. Eleven days later infection very

apparent. Hen finally destroyed.

Hen 64. Handled same as above. Six weeks later growth apparent. This hen re-

covered about 12 weeks after it had been infected.

CONCLUSIONS

These experiments, so far as they go, show that

—

(i) Favus is primarily a wound-infection disease of the unfeathered

parts of the head.

(2) It occurs usually as an enzootic.

(3) An ointment composed of vaseline and formaldehyde is an effec-

tive remedy.

(4) Infection by the digestive tract is impossible.

(5) Intravenous inoculations are incapable of starting infections.

(6) The organism isolated and studied by us is specific, as shown by the

fact that typical cases of the disease were produced in hens inoculated

with laboratory cultures.
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PLATE 31

Bird affected with favns: A pronounced case showing involvement of the comb,
face, and neck.
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A CONTRIBUTION TO THE BIOLOGY OF FRUIT-FLY
PARASITES IN HAWAII

By C. E. PEMBERTON, Entomologist in Field Charge, and H. F. Willard, Chief Fruit-

Fly Quarantine Inspector, Mediterranean Fruit-Fly Investigations, Bureau of Ento-

mology, United States Department of Agriculttire

INTRODUCTION

With the termination of an intensive study of the Mediterranean fruit

fly (CeratiHs capitata Wiedemann) in Hav/aii in February, 191 6, by the

Bureau of Entomology, a general investigation of the biology, interrela-

tion ^ and economic value of introduced parasites of this fruit fly was
begun. The results of this investigation are herewith presented.

The natural enemies of the Mediterranean fruit fly now contributing

toward its control in Hawaii are three species of Opiinae—viz, Diachasma

tryoni Cameron, Opius humilis Silvestri, and D. fullawayi Silvestri, one

species of Blilophinae, Tetrastichus gifjardianus Silvestri, and an ant,

Pheidole megacephala Fabricius. Two other parasites occasionally reared

from the fruit fly are Opius fletcheri Silvestri, normally a melon-fly para-

site, and Pachycrepoideus duhius, a dung-fly parasite. At present para-

sitism by these two parasites is not important, and may be more acci-

dental than normal. The opiines and the eulophid are strictly larval

parasites. The ant is important as a predacious enemy of the larvae and

to a lesser extent of the pupae. The pteromalid Pachycrepoideus duhius

attacks the pupa. There is striking similarity in habit, structure, and

development among the opiines under discussion, and in view of this the

species now most abundant in Hawaii, Diachasma tryoni, will be dealt

with the most completely, to be followed by notes on the special features

of the two other important opiine species together with comparisons with

the species tryoni in sufficient detail to give a thorough conception of the

biology of each.-

' For previous studies on fruit-fly interrelations in Hawaii, see Pemberton and Willard {6). [Refereoce

is made by number (italic) to " Literature cited," p. 465.]

* For the original descriptions and history of the introductions of the important species above mentioned,

see Back, E. A., and Pemberton, C. E. (3).

For detailed records on the extent of parasitism in Hawaii by these species see Back and Pemberton
(i, 2) and Pemberton and Willard (5).
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Washington, D. C. Nov. 25, 1918
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DIACHASMA TRYONI

Diachasma iryoni Cameron was first observed in New South Wales in

1908 and was described in 191 1. It was introduced into Hawaii from

New South Wales by Silvestri in May, 1913. It soon became definitely

established and by 191 6 its importance as a parasite and its ready

adaptation to Hawaiian conditions were demonstrated clearly. During

191 7 it excelled the work of the other introduced parasites

DESCRIPTION AND LIFE HISTORY

EGG

The egg (fig. i, 2) is cylindrical, translucent white, with smooth, glis-

tening surface, drawn out at each end into a short, rounded protuberance

and when first deposited is surrounded

by a thin, transparent membrane,
possibly the exochorion. This mem-

Fig. i.—Piac/iaiwo/ri/owV Egg just kid; length brane adheres to the conformity of
°-4^™™- the egg but does not tightly inclose

it. The egg is faintly concave ventrally and distinctly convex dorsally.

The protuberance on the cephalic end is slightly broader and shorter

than is that on the caudal end. At deposition the egg averages 0.45 mm.
in length, including the enveloping membrane, its greatest width being

about one-sixth of the length. When fully developed the &gg averages

0.65 mm. in length and is about one-fourth as broad as long. During

development the outer enveloping membrane is ruptured and entirely

separated from the egg proper. At maturity each end of the egg stands

out as an abrupt, broad tubercle. The embryo is then clearly revealed

by transmitted light.

Although the eggs are deposited only slightly beneath the surface of

the larval skin, they are invisible even under strong sunlight and magni-

fication. The duration of the

egg period can be determined

only by dissections of host tissue

at frequent intervals to locate the

eggs and by the use of numbers
. . , , ,

Fig. 2.

—

Diachasma tryoni: 'EzzTaaXm:t;\enzth. 0.6s rxm.
of well-parasitized larvae known

to have been oviposited in for a short and definite period. The Q.gg stage

in Honolulu (Table I) was found to last from 54 to 73 hours, the variations

depending upon fluctuations in temperature. As the average incubation

period is about 2^4 days, the exact number of hours required for the

development of eggs deposited in the morning is less than is that where

eggs are deposited in the late afternoon. Eggs deposited in the morning

hours occupy parts of three days and two nights before hatching, and

thus develop under a somewhat higher average temperature than would

obtain in the case of eggs deposited in the afternoon or early evening.
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These pass through parts of three nights and two days as opposed to

three days and tv.'0 nights and would thus be subjected to somewhat

lower average temperatures. This will explain some of the misleading

variations shown in Table I.

Table I.

—

Duration of the egg stage of Diachasma tryoni in Honolulu

Number
of eggs

under ob-
servation.
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organized body, wherein its food, which seems largely* the fat body of the

host, is in a semisolid state, in part isolated into definitely compacted

masses. The larva is lodged in an area which is well organized in mus-

cular, digestive, nervous, and respiratory structures, all of which com-

bine to interfere with its freedom of action. Special characters, not

appearing in the succeeding in-

stars, are peculiarly adapted to

this stage. The head is large,

heavily chitinized and brownish,

and bears a pair of sickle-like

mandibles, with bases broadly

separated and capable of wide

movement and quick action.

Above the mandibles and seem-

ingly on the labrum is a pair of

small, short antennal structures,

which are frequently extended

and withdrawn in a rapid, vibra-

tory manner as the larva feeds

and moves about. On the ce-

phalic edge of the chitinized ven-

tral portion of the head is borne

a pair of pointed teeth, well sepa-

rated and together forming a dis-

tinct letter U with the basal con-

necting line more or less straight.

This lies below and directly be-

tween the bases of the mandibles

(fig. 3). Its shape affords the

best character for differentiating

the larva of this species from the

newly hatched larva of Diachas-

ma fullawayi or that of Opius

humilis. A clearly defined, sim-

ple tracheal system is present

(fig. 4) and becomes filled with air

shortly after the lar\^a has

hatched. No spiracles occur, but

eight minute, oval swellings can

be seen along each main tracheal trunk in body segments i to 8. The

larva lies strictly within the host, and the .air which quickly fills the

tracheae must .be obtained by osmosis from the aerated liquid media

surrounding it. The tracheae are filled with air before food has been

taken, which shows that the air is not extracted internally from the

ingested food. The digestive canal (fig. 5) is a simple, straight tube

Fig. s.—Diachasma iryoni: Cast skin of first-instar larva,

showing head characters of first instar and serosal cel-

lular mass still clinging to ventral surface. Length

I mm.
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\vith short, narrow esophagus, large midintestine occupying the greater

bulk of the body and closed caudally, and the short proctodaeum ter-

minating with an apparently open, oval anus situated on the ventral

surface of the third to the last body segment. The only food taken that

is readily visible is the fat of the host. With the development of this

instar the midintestine becomes gradually filled and swollen with globules

of fat. Newly hatched larvae

generally are found moving

about in the fat body and have

been dissected frequently from

fly larvae with the mandibles

closed into portions of the fat.

Though the large, pointed man-

dibles enable the larva to lacer-

ate tissues other than the fat

body, through some unknown
influence the delicate vital or-

gansof the host larvaseem never

to be injured, even in cases of

superparasitism when six or

eight newly hatched larvae may
be cutting about with their

mandibles, either in the sepa-

ration of food or in the de-

struction of one another. The
first-instar larva moves about

by contorting the body, and its

movements are aided by grip-

ping fresh tissues coming into

contact with the mandibles

coincident with the body move-
ments. The brownish, chitin-

ized head can be seen moving
within the host larva when
under strong light and fair en-

largement. The larva is leg-

less, but bears a pair of soft,

short, saclike appendages on
the ventral side of the body just back of the head (fig. 3,4). They are in-

capable of movement and may be gill-like in their function. No tracheae

can be seen leading into them even when examined under high magnifi-
cation. Extending along the ventral surface of the body, from the back
of the head to the tip of the abdomen, is a gelatinous mass of large cells.

These are the serosal cells of the egg and adhere to the larva until it molts
for the first time (fig. 3). Just before molting the larva becomes greatly
engorged with food and has increased to about 1.2 mm. in length.

Fig. 4.

—

Diachasma tryoni: Larva of first instar, lateral

aspect, showing right main tracheal trunk with branches,
and characteristic position and volume of egg serosal cells

clinging to ventral surface. Length i mm.
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Fig. s.
—Diachastna tryoni: Larva of first instar about to molt, lateral

aspect showing food canal filled with fat globules and illustrating

the beginning of the formation of the meconium. Length 1.5 mm.

The duration of the first-instar larva is dependent upon a curious

circumstance. The lar\-a never molts until the fruit-fly larva attempts to

pupate. Thus, a small fly larva may be stung by the parasite while the

larva is in a fruit of dry texture or hard pulp. Usually the larva will

not mature or try to pupate until from 6 to lo days later when in such

a fruit. In this case the parasite egg hatches in the usual time (54 to 73

hours) and the parasitic lar\^a remains in the first instar during the

long 6- or 7-day period remaining until the host prepares to pupate.

_ Under ordinary cir-

cumstances the para-

site stings a mature

larva, which usually

forms a puparium a

few days later. Here

the parasitic larva

hatches about the

time the host larva is

fully developed and

ready to attempt pu-

pation. The first instar in such cases lasts from 36 to 48 hours.

The following specific cases were observed during 1917: Two small

fruit-fly larvae, each stung by a female of Diachasma tryoni on June

14, still contained first-instar tryoni larvae on June 21. Thirty-one

small fruit-fly larvae, stung by tryoni females on August i , still contained

first-instar tryoni larvae when opened on August 8. On August 12 four

had formed into puparia by 9 a. m.^ They were opened on the same

day at 4 p. m. and each was found to contain a freshly transformed

second-instar tryoni

larva. The other fly

larvae did not show

signs of pupating after

several days. Four of

them were opened on

August 16 and each

contained a first-instar

tryoni lar\^a. The re-

maining four, still active, were opened August 1 8 and found to contain a

well-developed tryoni larv^a in the first instar. In this series of examina-

tions of the 12 parasitized fly larv^ae the first 4 produced tryo7ii \a.ryse

whose first instar lasted about 36 hours, the second 4 contained tryo7ii

lan^ae whose first instar had already lasted about 6 days and the last 4

contained tryoni larvas: whose first stage had already extended about 8

days. The extended time in the duration of the instar was in each case

entirely controlled by the delay of the host in attempting to pupate.

Fig. 6.

—

Diachasma tryoni: Larva in second instar, dorsal aspect, show-

ing general shape of body and food canal. Length 1.5 mm.

'AH references to clock time refer to "standard time."
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Fig. 7.—Diackasma
tryoni: Mandible of

second-instar larva,

showing mandible of

third instar pushing

from within. Length

0.C2I nun.

When the lan^a has molted to the second instar, the molted skin can

be dissected easily from the fly puparium (fig. 3). In the second instar

the larva is greatly changed (fig. 6). The head does not stand out

strongly differentiated from the other body segments as in the preceding

instar. It is soft, unchitinized, and without pro-

nounced visible characters. The articulations of the

14 body segments can be clearly seen. The body is

glabrous throughout. The mandibles (fig. 7) are soft

and translucent and can be seen only with difficulty.

The weight of a coverglass may easily crush them be-

yond recognition. They are sharply pointed, short,

and about as long as broad, averaging 0.021 mm. in

length. Mandibles are not needed in this instar, aS

the food is composed entirely of fluids, minute glob-

ules of fat, and possibly fragments of disintegrated tissue. As the de-

velopment of the larva progresses the mandibles of the third instar may
be seen distinctly pushing into ultimate position at the bases of the

mandibles. The larv^a averages about 1.5 mm. in length in this stage.

One striking feature

in the second instar is

the total absence of

tracheae, as careful ex-

aminations of more

than 100 second-instar

larvse under the highest

magnification and best

light failed to reveal

In view of the presence of

Fig. 8.

—

Diackasma tryoni: Larva of the third instar, dorsal aspect

Length 2.9 mm.

any evidence of tracheal trunks or branches

a well-marked respiratory system in the preceding instar, the absence, at

this stage, of tracheae is of distinct interest. As the lar\^a is now immersed

in a thin liquid there would seem to be no need for tracheae. The

digestive tube is filled with food, and, as in

the first instar, takes the form of the simple

midintestine. The oily fat globules of the

host which are ingested are conspicuous in

this portion of the intestine. This intestine

is closed caudally, although the short hind

intestine may be seen leading up to it. In

this instar the larva is very sluggish, and

there is no need for action, considering the

accessibility and character of the food. * The duration of this stage has

not been determined accurately. There is no vvdde variation in its

length, however, such as occurs in the first and fourth instars. The

average duration of the second larval instar is about 48 hours. There

Fig. 9.

—

Diackasma tryoni: Mandible

of third-instar larva, showing man-
dible of fourth instar pushing from

within. Length 0.035 mm.
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is little to distinguish the third (fig. 8) from the second lar^'-al instar, and

it is even less pronounced in character The mandibles (fig. 9) are

slightly heavier and are about 0.035 "^^i^- i" length. Otherwise they are

almost identical with those of the previous instar. The mandibles of

the forming fourth instar can be seen pushing from within into the

bases of the mandibles. There are no hard, darkened or chitinized parts

in any portion of the body. As in the preceding instar, no traces of tra-

cheae occur, but late in the development of this stage the strong, heavy

tracheal trunks, branches, and stigmata of the succeeding instar may
be seen organizing beneath the skin. The stigmata do not, at any

period in the development of the third instar, become opened to the

surface, as they are not a developed accessory of this stage, but belong

strictly to the succeeding instar. The bod)^ is glabrous throughout.

Late in the development of this stage the spiny cuticula of the succeeding

instar may be seen beneath

the integument. No change

has been noted in the digest-

ive tract, other than that of

a gradual increase in the

volume of food ingested and

the increased volume of \vaste

matter accumulating in the

closed midintestine (fig. 10).

This stage averages about
Fig. 10.— Diachasma tryoni: Third-instar larva, lateral 2.d. mm. in lenSTth. It Still

aspect, showing digestive canal. Length 3.1 mm. ,. . , . , , •,

lies immersed in the body

fluids of its host, although shortly before molting to the last instar a

large part of the body is usually exposed in the hollow puparium.

The average duration of the third larval instar \n\\ approximate 48

hours.

When the fourth instar is reached, the conditions surrounding the

larva have undergone a great change. Much of the liquid and semiliquid

contents of the host have been consumed, and within a short time little

remains in the puparium but the parasitic larva. To meet this condi-

tion, the parasitic larva is possessed from the first of a well-defined

tracheal system. Nine large, open stigmata are borne on each side of

the second to the eleventh body segments (fig. 11). No stigmata occur

on the third segment, however, although a branch from the tracheal

trunk on each side leads to points on the surface corresponding in posi-

tion with the stigmata on the other body segments. A main tracheal

trunk extends along each side of the body with a special branch to each

stigma and to the dorsal and ventral portion of each body segment. A
connecting branch joins the two main trunks posteriorly and anteriorly.

With the exception of the head the entire body is closely covered with
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short, sharp, cur\-ed spines with broad bases (fig. 12, 13). These

spines are absent along the line of articulation between each segment.

The body averages 3.1 mm. in

length and about i mm. in width.

The characters of the head are

strongly developed (fig. 14). A
well-defined labrum, heavily pointed

mandibles about 0.12 mm. long, with

broad rounded bases and brownish

chitinization at the tips and bases

(fig. 15), distinct maxillae with short

major and minor palpi, and a chiti-

nized labium with palpi, can be dis-

tinguished readily. The palpi are

only short tubercles. Well-devel-

oped, yellowish, tentorial ridges in

the head support the mouth parts.

The mandibles and tentorial struc-

tures of the head are colorless at

first. Some hours after the molt

they assume the yellowish-brown

color that so readily distinguishes

this instar from the preceding. The

head is about 0.5 mm. in width.

As the remaining food consumed b>-

this instar is liquid, the purpose of

the well-developed mandibles, which

may be vigorously moved, has not

as yet been established. No change

takes place in the alimentary canal

upon the molt to this instar. The

larva is very sluggish, though it may
bend its body slowly from side to

side. It usually Hes with its head in

the head end of the puparium. Of

76 parasitized fruit-fly puparia

opened to determine this point, 64

contained mature Diachasma tryoni

larvae in this position. In the

remaining 12 the position was

reversed. When in the first instar,

the larva moves about with its head

in no constant direction.

The duration of the mature larval stage is of unusual interest. In

Hawaii it may extend fiom about 6 days to over a year. Larvae ordi-

Fig. 11.—Diachasma tryoni: Larva of fourth in-

star, lateral aspect, showing complete right

tracheal trunk with tranches and stigmata.

Length 3.1 mm.
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narily pupate within 8 or 9 days after the host pupaiium is formed and

the adult parasites emerge in from 5 to 8 days later. A certain proportion

of the larvae reaching maturity each month of the year, however, pass into

a dormant state and may remain 'in this condition for from a few weeks

to several months, or occasionally a year. No doubt periods of long

drouth and scarcity of host material in Australia, in the localities

Fig. ij.

—

Diachasma tryoni: Mature larva, lateral aspect. Length 3.1 mm.

where this species is probably native, are frequent, and these conditions

may have necessitated such an adaptation. This parasite may thus

persist under very unfavorable conditions. With its introduction into

Hawaii this strong, inherent trait endures, even though climatic and

host conditions are ideal for continuous reproduction throughout the

year. The hibernating larvae look much the same as do other mature

larvae, although the body is somewhat contracted, shortened, and slightly

paler in color. During the entire period of dormancy the larva is capa-

ble of slow movement.

The dormant larvae are

not necessarily under-

nourished individuals.

In fact, hibernation has

been noted among in-

dividuals possessed of

large, fully nourished

bodies. No great va-

riation in the degree of hibernation has been noted to occur in fly larvae

from any special variety of fruit. The number of males produced from

hibernating material greatly exceeds the number of females. Between

August, 1916, and July, 1917, 663 males to 118 females emerged from

hibernating lots, ranging from i to 12 months old.

Parasitized fruit-fly puparia placed in dry glass vials or jars yield a

much lower percentage in hibernation than do puparia left in the soil

Fig. 13.

—

Diachasma tryoni: Greatly enlarged view of spines covering

surface of body of mature larva. Length, o.oi mm.
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Fig. 14.

—

Diachasma tryoni: Head of mature larva, dorso-cephalic view.

Greatest width 0.50 mm.

under natural conditions. Thus, in March, 1917, a total of 2,725 French

cherries, Eugenia uniflora, collected in Honolulu, 3delded 1,213 puparia

parasitized by either Diachasma tryoni or D. fullawayi. One-half of the

puparia were placed

in glass vials and the

remainder in a

screened box and cov-

ered with j4 inch of

sand. Of the lot placed

in vials 242, or 39.9

per cent, of the larvae

of Diachasma s p p

.

hibernated, and of

those in the sand 543,

or 89.4 per cent, en-

tered hibernation.
Again, in September,

1 91 7, during a warm
part of the year, a

quantity of kaniani

nuts {Terminalia
catappa) was collected in Honolulu and placed in a large screened

box containing sand, and left in the open air. Of 785 parasitized

fruit-fly puparia forming in the sand in this box 271 produced

living adults of D.

^"X\ .
tryoni in the usual

time, while the re-

maining 514, or 65.5

per cent, upon ex-

amination late in

October were found

to contain living

larvae of D. tryoni.

A repetition of this

experiment was
started in November,

1 91 7. Of 934 para-

sitized fruit-fly pu-

paria forming in the

sand in the box from

November 2 to 20,

only 69 produced

adults of D. tryoni in the usual time. The remaining 865 puparia were

opened in January, 191 8, and all were found to contain living larvae of

this species. This is an average hibernation of 92.6 per cent and repre-

Fig. 15.

—

Diachasma tryoni: Mandible of mature larva. I^ength 0.12 mm.
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sents fairly natural conditions. Table II shows the extent of hibernation

occurring in the laboratory among fruit-fly puparia that were collected

during every month throughout the year. The greatest hibernation

occurred during the winter months commencing in December and the

least during the warmest months. As the data are secured from mate-

rial held in the laboratory in glass, the degree of hibernation is lower

than would obtain in the field normally, which is evidenced by the box
experiments.

Table II.

—

Hibernation of Diachasma tryoni and D.fullawayi'^

Host puparia collected.

1916
December

1917
January
February
March
April
May
June
July
August
September
October
November
December

Total
number of

parasitized
puparia.

302

1,816

774
i>599

1,942

925
1,263
1,605
2,946
I, 960
2,069
1, 116

Number of

D. iryoni
emerging in
normal time.

193

791

367
765
882

1,767
902

1, 218

1.356
2, 821

1,558
1,692

744

Number of

D.fullawayi
emerging in
normal time.

83
120

136

153
17

41
236
81

374
285
189

Number of

Diachasma
larvae going
into hiber-
nation.

99

942
287

503

37
22

6

4
13

44
28

92

Total
percentage of

hibernation.

32.8

51-9
37-1
31-5
3-5
I. I

0.6

0-3
0.8

1-5
1.4

4.4
16. 4

o The ratio of hibernating larvaa of Diachasma tryoni is greater than is that of D. fullawayi, but just how
much greater as yet has not been determined.

The greatest emergences of adults from hibernating individuals occurs

during the first seven months after the larva goes into hibernation.

From 78 1 larvae going into hibernation between August i, 191 6, and

July I, 1917, inclusive, 129, 119, 36, 67, 128, 147, 81, 27, 19, 16, 9, and

3 pupated and became adult during the period from the first to the

twelfth month, respectively. As the greater number began their

dormant period during the winter months and as the average duration

of this period is from two to six months, it follows that .the greatest

emergence from hibernating individuals occurs in the spring and early

summer months in Hawaii.

No doubt more than one factor enters into the cause of hibernation

among the larvae of the two species of Diachasma. Cool" temperatures

seem the most important, as suggested in Table II. During August,

September, and October of 191 7 the total hibernation, as occurring in

material placed in glass vials, was 0.8, 1.5, and 1.4 per cent, respectively,

based upon records of 1,605, 2,946, and 1,960 parasitized puparia, respec-

tively. The average mean temperature at which this material was
kept during the three months was 78.7°, 74.7°, and 75° F., respectively.
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In the same months a quantity of paxasitized, freshly formed fruit-fly

puparia was placed in similar glass vials in a refrigerator running evenly

from 60° to 64° during the entire duration of the experiment. From this

material 384 adults of species of Diachasma emerged over a period some-
what retarded but not greatly prolonged, while 814 puparia failed to

produce anything and upon being opened on December 20 were found to

contain living, hibernating larvae of this genus. This represents a hiberna-

tion of 67.7 per cent of

all the material parasi-

tized by species of Dia-

chasma thatwas placed

in the refrigerator, and

is striking when com-

pared with the hiber-

nation of slightly over

I per cent among the

larvae of this genus held

at the same time at

a temperature about

1 3 degrees higher.

Another unknown
cause for hibernation

must exist, as mate-

rial kept beneath sand

or soil at any time of

the year produces a

greater degree of hiber-

nation than does mate-

rial held coincidently

at nearly the same

temperature but in dry

glass vials exposed to

light.

^ ^ '-''^ Fig. 16.—Z)!acAa^ma irj'onj; Alimentary canal removed from a mature
to 4 rnm. long by 1.6 pupa, showing the position and shape of the meconium. Greatly

mm. wide and at first is
'•'^^'^''^•

pale white with reddish eyes. In a few days the adult colorations

appear. At pupation the old larval skin is split from the head back-

wards and slips back to the caudal tip of the pupa and is there immediately

pushed forward by the tips of the antennae of the male or ovipositor of

the female as these parts are forced forward over the dorsum of the

body. The exuvium then comes to rest as a yellowish, crumpled mass
at the tip of the ovipositor at a point generally over the pupal meta-

thorax and extending, in part, back along the side of the ovipositor, or,
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in the case of the male, it lies at the tips of the antejinae over the first

two abdominal segments. When the adult parasite emerges, this exuvium
is carried about for a short time on the antenna of the male or the

ovipositor of the female. With the complex changes in the alimentary

canal, accompanying the formation of the pupa, the unvoided waste

and accumulated food which fills the larval midintestine is forced to

occupy a greatly reduced space. In the pupa, then, the midintestine

is found to be short, oval, and filled with a dark compressed pellet (fig.

1 6). This pellet is the meconium. No portion of it is voided at the

time of pupation or during the pupal period. In the mature pupa this

meconium occasionally may pass into the hind intestine just caudad of

the urinary tubes, but it never passes from the pupa. The pupa stage,

following a short prepupal period of from i to 2 days, may last from 6 to

lo days. The duration of the pupa stage varies at any time of year.

The duration of the combined ^gg, larval, and pupal periods (Table'

III) is from i8^ days in midsummer to about 25 days in the coolest

months. This represents the shortest period elapsing from egg to egg,

for oviposition may occur on the day of emergence. This is a slightly

shorter average period than obtains in the life of the fruit fly.

Table III.

—

Duration of the cotnbined egg, larval, and pupal stages of Diachasma tryoni

and Optus humilis

Diachasma tryonifl



Nov. 25, 1918 Biology of Fruit-Fly Parasites in Hawaii 433

ference. In pressing and working the head through this cut the entire

end of the puparium usually is broken off and the parasite quickly

emerges (fig. 17). In a few moments the antennae, legs, and ovipositor

straighten out. Immediately upon emerging the meconium is dis-

charged. The period in the development of parasitic Hymenoptera

when the meconium is discharged is interesting. With the opiines

treated in this publication the meconium is never voided until the adult

emerges. In the eulophid Tetrastichus gifjardianus a major meconium

is discharged just after the emergence of the adult and there is a barely

perceptible discharge during the prepupal period; The pteromalid

Pachycrepoideus dubius and the proctotrupid Galesus silvestrii void a

large quantity of waste while in the prepupal stage and later, upon

emergence, void an insignificant meconium.

Males nearly always commence emerging before the females and

usually are all out while the females are still actively emerging. The

period of greatest emergence

of the males is from two to ^-7'"'^'7''''7'^

three days earlier than is

that of the females. After

leaving the puparium noth-

ing can be found of the

pupal skin. It is so ex-

tremely thin as to be almost

invisible in water beneath Fig. 17.

—

Diachasma tryoni-. Fruit fly puparium showing

1 "R -f fin
emergence hole made by adult parasite. Length 4 mm.

a cover glass. ±5eiOre tne Typical of exit hole made by Z?./!(.«aa'a:>'!' and 0/>m^ awwzife.

adult emerges, however, the

pupal skin can be torn from the pupa as a thin, transparent covering.

Copulation takes place most frequently during the first few days

after emergence. In the laboratory mating has been repeatedly observed

within 5 to 10 minutes after the adults have come out. The copulation

period is short. It lasts from about lo to about 60 seconds. The sex

attraction is most strongly evident in the male. Practically all activity

prior to and coincident with mating is on the part of the male. It

becomes greatly excited when within i to 3 inches of the female and

vibrates the wings rapidly and spasmodically. The male emits a strong,

sweet odor. It is greatest in intensity in the presence of the female.

No perceptible odor issues from the female. It never shows any great

interest in the male and can readily repel it with the posterior pair of

legs. In glass tubes the males make no distinction between mated

and virgin females. Weak or injured females, unable to repel the male,

may mate an indefinite number of times. A male may successfully

copulate with different females more than once within a short period.

A freshly emerged male was observed to mate with different females

on August 24, 1 91 7, at 10.20 a. m.,^ 10.25 ^- m-, and 11.05 a. m. Normal

• All references to clock time relate to "standard time."
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females confined with males in large sterilizing tubes have been observed

in copulation as many as four to seven times during a given hour. Mating

is probably best secured with the parasites confined in large screened cages

a foot or more in diameter. Large cages with plenty of light are cer-

tainly superior to glass tubes for this purpose, although mating will

occur in small shell vials. Under certain conditions males of Dia-

chasma tryoni have mated with females of D. fiillawayi. This may
be brought about by confining many fresh males of tryoni with a few

females of both tryoni and fullaivayi. The progeny from two fullawayi

females mated in this manner on June 29, 191 6, were all males. Evi-

dently these two species can not be crossed.

Males are more abundant than are females. During 191 6 and 191 7,

16,845 males and 10,130 females were bred from fruit-fly material col-

lected in the field. Experiments conducted in the laboratory show

that mated females produce a varying proportion of male and female

progeny. From 1 1 mated females emerging on July 6 and 7 and August

24, 1 91 7, and immediately isolated into separate cages for oviposition

until death, the following progeny were secured: No. i, 13 males and 23

females; No. 2, 24 males andy females; No. 3, 19 males and 27 females;

No. 4, 5 males and 9 females; No. 5, 7 males and 21 females; No. 6, 14

males and no females; No. 7, 4 males and no females; No. 8, 49 males

and 10 females; No. 9, 16 males and 15 females; No. 10, 23 males and no

females; No. 11, 15 males and 2 females. In another case 25 freshly

emerged females were placed separately with males on July 13, 191 7,

and left until all had mated. From these a total of 189 males and 86

females was reared. Three females, known to have mated with vigorous

males four, five, and seven times, respectively, were given opportunity

to oviposit from August 9, 191 7, until death from three to four weeks

later. From these a total of 47 males and 24 females was reared. The
female which had mated seven times produced 14 males and 4 females.

Such data indicate the importance of other factors than mere successful

mating in the determination of sex proportion.

Unmated females of Diachasma tryoni as well as the other two opiine

species treated herein are positively arrhenotokous. Ovipositing virgins

during 191 6 selected to prove this point consistently produced nothing

but males.

Females may begin oviposition on the day of emergence, irrespective

of whether they have mated or not. The ovaries are well filled with

eggs, in a mature condition, at the time of emergence. Eggs are also

present in varying degrees of development (fig. 19). A dissection of the

ovaries of 24 females 24 hours old gave an average of 84 mature eggs

per female. The greatest number of mature eggs found in a single day-

old female was 125. Females which have been hibernating in the larva

stage from 3 to 12 months are fertile, mate and reproduce, but are not
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so prolific as are females coming from nonhibernating larvse. The
longer the larvae have undergone hibernation, the weaker the repro-
ductive system when the female finally emerges. An examination of
the ovaries of nine females during 1916 and 1917, originating from
larvae hibernating from 3 to 12 months, gave an average of 37 mature
eggs per female. Examination of the ovaries of two females originating
as larvae that had hibernated 12 months disclosed only 9 and 13 eggs,
respectively. Examination of the ovaries of three females maturing
from larvae which had lain dormant for 10 months disclosed 31, 10, and
24 mature eggs, respectively,

OVIPOSITION

The maximum number of eggs usually are deposited during the first

week of the life of the female . As many as 30 eggs have been deposited by
a single female in a given day. A healthy female usually deposits from
5 to 9 eggs daily for the first week and only a few eggs daily thereafter.
Death usually follows a few days after the cessation of egg-laying. The
largest number of eggs deposited by a female in confinement was 148
(Table IV)

.
This female lived only 1 2 days and died with 54 mature eggs

in the ovaries. As noted later, ovipositing females do not live as long as do
individuals given no opportunity to oviposit. Only one &gg is deposited at
a time. The total operation of laying a single egg requires from 15 to 45
seconds after the ovipositor has penetrated the fruit and located a host
larva. A female may deposit an egg, rest a moment, and oviposit into the
same or another larva immediately, but the ovipositor is completely re-
moved after the placing of each egg. In ovipositing, the female moves
about over the fruit, frequently pausing and moving in a circle over certain
spots. The location of the larva, lying invisible in the fruit, appears to be
wholly through a sense of touch. Judging from the actions of the female,
all movements over the surface of the fruit indicate attempts to detect vi-
brations on the surface due to movements of the larva beneath the skin.
When a larva is located, the female elevates the abdomen to an angle of
about 45° and the ovipositor is brought to an almost vertical position
with the tip resting against the fruit beneath the body. (PI. 32, A.) The
parasite never enters a broken fruit or penetrates into exposed pulp
containing larvae, all oviposition being entirely from the surface. Upon
the insertion of the ovipositor the larva usually attempts to escape and
frequently does. Barbs on the end of each of the two sharp, piercing
ovipositor blades (fig. 18, c, d) probably enable the female to hold the
larva in position, once the blades are fairly inserted. A third blade
(fig. 18, 6), which enters with the two piercing blades, but which is not
sharp or barbed, is specifically designed for conveying the acid or poison
from the acid and alkaline glands (fig. 19, a, h). The head end of this
blade bears numerous perforations which are the surface openings of
minute branching channels leading from the large central, hollow part of

83817°—18 2
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this blade, through which the toxin flows during oviposition. A slight

temporary paralysis of the larva seems to result after the ovipositor is

fairly inserted, for little struggling ensues after the oigg is extruded.

The two other parts of the ovipositor, in addition to the piercing blades,

consist of the outer pair of hollow sheaths (fig. i8, a, e), which do not pene-

trate beyond the surface of the fruit during oviposition unless the larva

attacked lies under a large break or hole in the fruit. Several hours after

A BCD £
Fig. i8.—Diachasma tryoni: Parts of ovipositor: A, E, lateral sheaths; B, poison blade; C and D, piercing

blades, showing characters of ends of each blade. Greatly enlarged.

a larva has been stung, a minute, oval, brownish spot develops on its

body at the point where the ovipositor was inserted. This spot becomes

a permanent scar and can be distinctly seen on the surface of the pupa-

rium. The female exhibits no decided capacity for discerning parasitized

from unparasitized larvae. Superparasitism is thus very common, al-

though only one parasite ever develops in a superparasitized larva. This

is owing to the cannibalistic habits of newly hatched larvae of Diachasma

tryoni.
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Fig. ig.—Diachasma tryoni: Reproductive system of newly emerged female: A, alkaline gland; B, poison

reservoir with poison glands leading to it ; C, spermatheca; D, ovaries, showing position and usual number

of eggs and developing egg cells in newly emerged female. Greatly enlarged.
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iTABtE IV.
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Although the mature fruit-fly larva is the stage most frequently at-

tacked by the parasite, younger larvae are often sucessfully parasitized.

On September 15, 191 6, a microscopical examination of the contents of

107 fruit-fly larvae in the second instar, removed from fruit collected in

Honolulu, gave interesting results. Twenty-four of these contained eggs

or larvae of either Diachasma tryoni or Opius hwrnilis.

The female of Diachasma tryoni oviposits in larvae in fruit after it

has fallen to the ground and with equal facility attacks the larvae in the

fruit before it falls. The heaviest parasitism, however, probably occurs

while the fruit is still on the tree. In March and April, 191 7, a quan-

tity of fruit, infested with fruit-fly larvae known to be unparasitized,

was placed on the ground beneath fruit trees and left for periods of

24 to 48 hours. It was then collected and placed in glass jars. From
this fruit 208 individuals of D. tryoni were reared. A total parasitism

by D. tryoni of 27.1 per cent was secured during August, September,

and October, 1917, from 1,435 fruit-fly puparia coming from fruit col-

lected from the trees in Honolulu. From 15,907 fruit-fly puparia secured

from fruit collected from the ground during the same months a para-

sitism of 3 1. 1 per cent by D. tryoni was obtained.

Of 83,304 fruit-fly larvae secured in Hawaii during 1916, 13.3 per cent

were parasitized by Diachasma tryoni. During 1917, as determined from
collections of 72,139 larvae, the parasitism by this species was 20.3 per

cent.

Parasites confined in glass sterilizing tubes closed at one end, plugged

with cotton, and kept continuously in partial darkness usually will remain

alive and active for about two months. After eight or ten weeks of con-

finement the mortality is heavy. Only a few individuals have been kept

alive beyond 80 days. Females not permitted to oviposit generally out-

live the males. There is one record, however, of a male that lived for 125

days. Ovipositing females do not live in confinement much beyond 25

days even under the best of care. During May and June, 191 7, 98 females

were confined in small screened boxes kept in partial darkness and given

material in which to oviposit constantly. Of these, 87 lived from 12 to

18 days and only 1 1 lived from 20 to 24 days. These were fed daily with

a thin solution of honey and water placed in minute drops upon fresh

leaves. Brown sugar, diluted with water in a ratio of i part of sugar to 5

of water, is a satisfactory food, though the results of feeding with diluted

honey are better. A small portion of crushed apple or other fruit is rel-

ished by the parasites. Extract of beef added to the honey solution

has been tried with unsatisfactory results. Concentrated honey or sugar

solutions are also unsatisfactory. Parasites have been kept in a vigor-

ous state longest when given honey diluted with 4 or 5 parts of water

varied with a 3- or 4-hour period daily during which nothing but

water is given.* Without food and held in bright light, the majority

of the adults of this species under observation died in from 50 to 60 hours

after emergence.

' For useful methods of confining parasites see Pembbrton and W11.1.AKO (,4).
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OPIUS HUMILIS

The parasite Opius humilis was brought to Honoltiki from West Africa

by Silvestri in May, 191 3. It was soon established in the Kona coffee

district of the Island of Hawaii, owing to the liberation there of a few

individuals in June, 191 3. By October of the following year it was

found frequently parasitizing from

80 to 95 per cent of the larvae devel-

oping in coffee in this district. Its

general distribution and value were
Fig. 2o.-opius humilis:: Egg freshly laid, proven in Houolulu Several months

Length 0.48 mm. . , , . ,

previously. As shown by data pub-

lished elsewhere by the writers, the importance and effectiveness of this

parasite soon became greatly curtailed through the restraint operated

over it by the other introduced parasites.

DESCRIPTION AND LIFE HISTORY

EGG

When first deposited (fig. 20), the egg is cylindrical, transparent, with

smooth glistening surface, slightly curved and bluntly pointed at each

end. The cepahalic end is less pointed than is the opposite end. It is

0.48 mm. long and is neaily one-fifth as wide as long. No tubercular

protuberances are present at either end when first laid nor is the outer

enveloping membrane present that surrounds the egg of Diachasma

tryoni. When fully developed it is 0.85 mm. long and less than one-

third as broad as long (fig. 21), and is hardly recognizable as the egg

deposited two days previously. Each end is prolonged into a distinct

tubercle, the caudal end being prolonged much more than the opposite

end. As in D. tryoni, the egg is placed just beneath the surface of the

larval skin but so far as to be invisible from the surface. The wound made
on the larva by the oviposi-

tor remains permanently as

an oval, brown scar.

The duration of the egg

stage ranges from about 45

hours in the summer months

to S"^ hours in the winter ^ ,.^. , ... ,, ^ t n, a ^.^^^ Fig. 21.

—

Opiiis humtlis: ^laXxxre egg. Length 0.85 mm.
months. (For temperatures

see Table III.) This is an average of about nine hours shorter than the

similar period for Diac/iai-ma /ryow. Ten eggs deposited on March 24,

i9i7,at 10 a. m. hatched 48 hours later. One hundred and sixty-two eggs

deposited on July 6, 1917, between 12 m. and 2 p. m. hatched from 45 to 47

hours later. Forty-two eggs deposited on May 13, 191 6, between 10 a. m.

and 12 m. hatched 48 hours later. The differences in duration are due to va-

riations in temperature. The hatching of the egg and the effect of the egg

upon the development of the host are identical with that of D. tryoni.
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Fig. 22.

—

Opius kumilis: Larva of first instar, lateral aspect, showing
position and quantity of egg serosal cells clinging to ventral surface,

length 1.2 mm.

LARVA

The newly hatched larva (fig. 22, 23, 54) is almost exactly the same in

size, structure, and habit as is the newly emerged lan^a of Diachasma
tryoni, with the follow-

ing exceptions: (i)

The two pointed teeth

situated at the middle

of the cephalic edge of

the chitinized ventral

plate of the head are

closer together than in

tryoni and are joined

basally to form a

smoothly rounded let-

ter " U "; (2) in tryoni

the "U" formed by
these two teeth is

somewhat squarely

made (compare fig. 3 and 24) ; (3) the head is some-
what smaller and squarer than is that of tryoni;

(4) the ventral mass of serosal cells, retained after the

hatching of the larva, is much smaller in volume, less

conspicuous, and is often broken away from the larva

before the latter molts to the second instar. The du-
ration of this instar and the circumstances influencing

the duration are almost identical with those of L>. tryoni.

The characters, habits, internal development, and
duration of the second and third larval instars are so

similar to those of Diachasma tryoni as to need no
special comment. With the inolt to the fourth instar,

however, some distinguishing characters are leadily

seen. The mandibles are smaller than are those of

D. tryoni, being 0.065 nim. long, more narrowly

pointed, and wholly lacking in chitinization at the base

(fig. 25). The dark chitinized ring at the base of the

mandibles of the mature larv^a of D. tryoni

immediately distinguishes it from larva of Opius hu-

milis in the same instar. The period of the mature
larv^a is short and does not extend much beyond five

days. The larva nev€r hibernates. As a large num-
dorsai aspect, showing ber of larvae of species of Diachasma hibernate through-
head characters, com-

, .....
piete tracheal system, o^t the year, the abscucc of this trait m O. humilis
and digestive canal, rcndcrs it a morc prolific parasite, in conjunction
engt I.I mm.

W\\_\\, its Other characters, than is either of the two
species of Diachasma. There are four larval instars.

Fig. 23.

—

Opius humilis.

Larva of first instar
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The pupa may be distinguished from the pupa of Diachasma tryoni by

the short antennae and ovipositor sheath. The ovipositor sheath extends

beneath the body and up over the abdomen but

the tips do not reach as far forward as the tho-

rax. The pupa stage is sHghtly shorter than is

that of D. tryoni.

Although the egg, lar\^a, and pupa stages are

slightly shorter than are those of D. tryoni, the

average period covering their combined devel-

opment is consistently shorter by 3t 04 days

(Table III). During the summer months this

combined period averages 15^ days and in-

creases to about 20K days in the winter. As

eggs are deposited by the female on the day of

emergence, the life cycle of this species covers

a distinctly shorter average period than does

that of its host.

ADULT

The emergence of the adult is similar to that of

Diachasma tryoni. Males likewise precede the

females by a day or more. The meconium is

immediately discharged, as in D. tryoni. The

pupal skin is extremely thin and difficult to see.

The general habits of mating are identical with

those of D. tryoni. The male emits a distinct

but rather delicate sweet odor. No odor can be

detected on the female . The proportion of sexes

is better equalized than is the case with D. tryoni.

During 191 6 and 191 7 a total of 6,128 males and

4,715 females was reared from material collected in the field. This is a

percentage of 56.5 of males as compared with a percentage of 62.4 of

males of D. tryoni secured over the same

period.

In confinement no conditions could be

obtained under which this species would

reproduce as favorable a proportion of

the sexes as occurs in the field. The best

results were obtained with females con-

fined in a large glass jar (9 by 15 inches).

In one experiment 25 males and 25 fe-

males were placed in such a jar imme-

diately upon emergence, kept in strong light, and daily given material

in which to oviposit. In three days' time mating and oviposition oc-

Fig. 24.

—

Opius humilis: Molted

skin of first-instar larva, showing

head characters. Length i mm.

Fig. 25.

—

Opius humilis: Mandible of mature

larva. Length 0.065 nun.
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curred, resulting in the rearing of 114 males and 52 females. It has

been found possible to rear reasonable quantities of females under

various conditions of confinement. A large, well-lighted glass or screen

cage is strongly recommended. Cages less than 9 or 10 inches in

diameter, or even small glass tubes, can always be safely used for ovi-

positing females, but satisfactory mating does not occur in small cages.

From 100 males and 75 females placed, upon emergence, in a small

cage having a diameter of 2>2 inches and a length of 7 inches, a total of

558 males and 27 females was reared during their lifetime. This is an

average result in rearing this species when the cage is small. It shows

an abundant oviposition but little mating.

Unmated females reproduce parthenogenetically, the progeny being

always males. These males have been proved fertile.

OVIPOSITION

Oviposition may commence upon the day of emergence. An average

of 80 mature eggs occurs in the ovaries of the newly emerged female.

The manner of egg deposition is similar to that described for Dia-

chasma tryoni. Only one egg is deposited at a time. An average

period of 17 seconds is required for the deposition of a single egg, after

the ovipositor has penetrated the fruit and located a larva. This is

based upon the timing of 31 separate egg depositions. The shortest

time was 10 seconds and the longest 3 minutes and 15 seconds. The
female attacks larvae in fruit on the ground as well as larvae in fruit on

the tree, she may oviposit into fruit-fly larvae in the second instar, and

selects no particular part of a larva in which to oviposit. The daily

rate of oviposition is indicated in Table V. Female 6 therein is of

unusual interest. A total of 255 eggs, deposited quite generally over

a period of 20 days, indicates that this species oviposits probably over a

longer period than does D. tryoni. The greatest number of eggs deposited

in 24 hours was 34. It is of interest that most of the individuals shown

in Table V died shortly after the last egg was deposited. Female 6

was given, in addition to honey and water in the proportions of i part

honey to 6 of water, a daily feeding of pure water. During the morning

hours nothing but water was given, the honey being added in the after-

noon. All of the parasites used in the oviposition records were confined

in glass cylinders 6 inches long and i inch in diameter, open at both ends

but protected with screened caps. Unparasitized fruit-fly larvae reared

in the laboratory were used in obtaining the records. The larvae were

daily placed in the fruits of Mimusops elengi (Plate 32, A) and were

removed daily thereafter and dissected, under magnification, for eggs

of the parasite and replaced daily by others so that the experiment

might be continued until the death of the females.
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Table V.

—

Daily rate of oviposition of Optus humilis. igi6-iy

Date of oviposition.
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Superparasitism in the field is common and indiscriminate, no pref-

erence for parasitized or unparasitized larvae being evident.

The ovipositor blades of this species, though hardly one-third as long

as those of Diachasma tryoni, are otherwise almost identical in struc-

ture, position, and number.

Of 83,304 fruit-fly larvae secured in Hawaii during 1916, 17.2 percent

were parasitized by Opius humilis and during 191 7, as determined from

collections of 72 , 1 39 larvae, parasitism

by this species was 12.7 per cent.

Individuals held in glass sterilizing

tubes and kept in partial darkness

lived somewhat longer than did adults ^G- ^('.-Diachasma/uUawayi: Freshly deposited

of D. tryoni, when fed and held un-

der the same conditions. Of 541 individuals confined with diluted honey

and water as food, 18 females lived 100 days or more, two of these living

until 125 days old.

DIACHASMA FULLAWAYI

Diachasma fullawayi was brought to Honolulu by D. T. Fullaway in

October, 191 4. The material was secured in West Africa by D. T.

Fullaway and J. C. Bridwell. It was originally found in West Africa

by Silvestri in 191 2.

DESCRIPlriON AND LIFE HISTORY

EGG

When first deposited, the egg (fig. 26) is about 0.33 mm. long and

0.066 mm. wide. At maturity (fig. 27) it is about 0.66 mm. long and

0.22 mm. wide. Other than being slightly broader than is the egg of

D. tryoni, it is almost identical with the latter in development, shape,

color, size, duration of stage,

and manner of hatching.

The newly hatched larva

has been found to differ from
Fig. 27.

—

Diachasmafullawayi.-MatUTeege. Length 0.66 mm. ,,
, r r^ ,

that of D. tryoni m one no-

ticeable respect. The cephalic edge of the chitinized ventral portion of

the head bears three pointed teeth instead of two, as in D. tryoni. The

middle tooth is less than one-half as long as the other two (fig. 28).

The color of the chitin in the head is a shade darker than in D. tryoni.

Otherwise the two larvae are p'ractically identical in appearance,

movements, internal structure, feeding habits, and duration of the

instar.
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The larvae of the second and third instars have not been distinguished

in any respect from those of D. tryoni. The mature larva, which is the

fourth instar, differs from the tryoni larva only in being faintly yellowish

in color and in having a slightly darker chitinization of the mandibles

(fig. 29). The mature larva of D. fullawayi also hibernates, but the per-

centage of larv^ hibernating appears to be less than occurs with D.

tryoni; the period of hibernation also is shorter. The greatest amount
of adult emergence frotn hibernat-

ing individuals occurs during the

first three months after the larva ma-
tures. From 68 larvse passing into

a state of dormancy between August

I, I9i6,and July 31, 1917, inclusive,

29, 16, 21, and I pupated and be-

came adul'ts during the period from
• the first to the fourth months, re-

spectively. One individual hiber-

nated for 8 months and 15 days.

The greater proportion of the larv^ae

, under observation went into hiber-

nation during the months of Novem-
ber, December, January, February,

and March, and the greatest period

of adult emergence from hibernat-

ing material was in March, April,

and May. A much greater degree

- .•»'' of hibernation occurs in fruit-fly
,f»'

^'*^ puparia left in soil or sand than ob-

tains in dry glass vials.

^t^^::Z:^'S'^£^:lt::, The pupa may be distinguished

serosal cells still clinging to ventral surface. from that of D. tvyoni by the UUU-
Lengt I mm.

sually loug ovipositor sheath which

extends back over the body almost to the head. The duration of the

pupa stage is the same as that of D. tryoni, as is also the duration of

the combined egg, larva, and pupa stages.

ADULT

The behavior of D. fullawayi after general distribution in Hawaii

is interesting. Localities having high humidity and precipitation have

proven especially favorable for this species. At points where the aver-

age humidity is low it has had evident difficulty in existing at all,

even under very favorable host conditions. An investigation of this

species in 191 7, after wide distribution and thorough establishment,

clearly indicated the particular capacity of this species for life under
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Af -^

/

humid conditions. Of 2,232 fruit-fly puparia collected in the Kona
coffee district of the island of Hawaii in 191 7, 2 per cent were parasi-

tized by D. fullawayi and the percentage of parasitism here, where the

precipitation averages about 50 inches a year, was about the same in 191 6.

On the opposite side of the island, about the town of Hilo, where the pre-

cipitation averaged 200 inches during 191 6, parasitism by this species

reached 60 per cent, as determined from 316 fruit -fly puparia collected

from coffee. During 191 7 an unprecedented drought was experienced on

the Hilo side of the island and parasitism by D. fullawayi was reduced to a

fraction of i per cent. From 700 fruit-fly puparia secured from that source

during November, 191 7, at the time of the drought, no individuals of D.

fullawayi were reared, although the other opiines were abundant, particu-

larly Opius humilis.

Fifteen miles from Hilo,

however, in a locality

more elevated and for-

ested, where the humid-

ity can not get very low,

the parasitism by D.

fullawayi was 98.2 per

cent, as determined

from a collection of 259

fruit-fly puparia se-

cured from coffee on

the same date as that

on which the Hilo col-

lection was made. Per-

haps the most signifi-

cant evidence that can

be given to bear out this

point is the parasitism

by this species during

1 91 7 in upper Manoa Valley in Honolulu and at the Maunawili Ranch,

Oahu. At these two localities the precipitation averages 150 inches a

year and at Maunawili the Weather Bureau records show an average of

324 rainy days a year. From 78 fruit-fly puparia collected at Maunawili

during 1 91 6 the parasitism by D. fullawayi was 65.3 per cent. From

1,542 puparia secured at that place in 191 7 the parasitism by this species

was 88.4 per cent. From 474 puparia secured from coffee in upper

Manoa Valley in 191 7 the parasitism by D. fullawayi was 91 per cent.

Honolulu, on Oahu, has a precipitation closely paralleling that of the

Kona district on the island of Hawaii, usually averaging 50 inches a year.

In Honolulu the average collections of fruit produce fruit-fly larv^ae only

slightly parasitized by D. fullawayi, even though upper Manoa Valley is

only a few miles removed from Honolulu. Still the difference in rain-

fall is great between the two localities.

Fig. 29.- Diachasma fullawayi: Mandible of mature larva. Length

0.12 111111.
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In addition to being especially adapted for propagation in wet areas,

this parasite, for some unexplained reason, favors certain fruits harboring

the host larvae. It is produced in Honolulu most frequently from fly

puparia secured from the loquat {Eriobotrya japonica), bestill (Thevetia

neriifolia), French cherry (Eugenia uniflora), coffee, and the fruits of

Chrysophyllum monopyrenum. It will frequently attack larvae in these

fruits to the almost total exclusion of heavily infested fruits of the

kamani that may be growing close by. It particularly favors the loquat.

Emergence, mating, and oviposition are not different, so far as can be
noted, from these habits as described for D. tryoni. No odor is emitted

by the male or female. A meconium is discharged immediately after

emergence. The females mav reproduce parthenogenetically, the

progeny being always males.

Adults of this species have been kept alive longer than have any of the

other parasites. Between December, 1916, and May, 1917, of 235 adults

held in confinement in glass tubes and fed honey and water 43 lived over

100 days, II lived 120 days or over, i lived for 134 days, and i for 141

days. Most of the long-lived individuals were females. Three males

lived for 120, 121, and 127 days, respectively. Without food and held

in bright light the majority of the adults die in about 55 hours. One
male has been kept alive for 103 hours and 2 females for 79 hours.

The proportion of sexes is more favorable in this species than in the

case of either D. tryoni or Opius huniilis. During 191 6 and 1917 a total

of 5,528 males and 5,566 females emerged from fruit-fly material collected

in the field.

Of 83,304 fruit-fly larvae secured in Hawaii during 1916, 2.1 per cent

were parasitized by D. jullawayi. During 191 7, as determined from col-

lections of 72,139 larvae, the parasitism by this species was 7.3 per cent.

TETRASTICHUS GIFFARDIANUS

This species was brought to Honolulu from West Africa by Fullaway

in October, 191 4. It was collected and colonized in Africa by Fullaway

and Bridwell. It soon became largely propagated and widely distrib-

uted in the Territory of Hawaii. Though its life cycle is short and its

development as rapid as is that of the opiines, its importance as a para-

site prior to 1 91 7 was doubtful. During 191 7, however, it had become
better established and had increased very considerably the total para-

sitism of the fruit fly about Honolulu in fruits having thick pulps, such

as oranges, peaches, and guavas. Larvae in these fruits are not easily

reached by braconid parasites. It is the most prolific of any of the intro-

duced parasites of the fruit fly, and, under favorable host and weather

conditions, may multiply enormously in localized spots. Owing to the

short life of the adult, the absence of a hibernating form, its small size,

and seemingly poor powers of flight, it rapidly drops off in effectiveness

as soon as host material becomes scarce within a short radius.
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DESCRIPTION AND LIFE HISTORY

EGG

Fig. 30.

—

Tetrastichus giffardianus: Egg newly deposited.

Length 0.25 mm.

The newly deposited &gg measures from 0.20 to 0.25 mm. in length, is

less than a third as broad as long, is pale white, smooth, glistening,

cylindrical, and broadly rounded at each end (fig. 30). The eggs are

placed in clusters just beneath the larval integument. They are faintly

visible from the surface as

dark bodies if strong light is

transmitted through thelar\^a

from below. The Q.gg does

not undergo much change

in size as the development of

the embryo progresses. The
duration of the e.gg stage is

from 2 to 2% days. Of 400 eggs deposited January 4, 191 7, at 11 a. m.,

all hatched in about 60 hours. Fruit-fly larvae containing eggs of this

parasite develop to maturity and form a perfect puparium, in the same
manner as do the other parasites under discussion. No fly pupa is

formed after the histolysis of the larval tissues in the puparium, and
the &gg may hatch either before or after the puparium

is formed.
LARVA

There is nothing of unusual interest in the develop-

ment of the larva, and only little external difference in

the appearance of the instars, with the exception of the

gradual increase in size. When first hatched, the larva

is about 0.25 mm. long (fig. 31). The body is composed

of 13 segments and head, the latter inconspicuous and

not unlike the other body segments in general appear-

ance. The mandibles are minute, short, curved, broad

at the base, and well chitinized. With only sHght

modification they are constant in the succeeding instars.

Most of the food ingested by this parasitic larv^a con-

sists of fat bodies. The larva bears 9 pairs of small

open spiracles on body segments 2 to 10, inclusive.

The tracheal system is open and becomes air filled as

soon as the larva hatches. In the first instar the trunks

and branches are very faint and threadlike. The larva

can move only very slowly and sluggishly in all of its instars.

The number of larval instars has not been determined, though three

forms have been distinguished. The mature larva may be distinguished

readily by the large, heavy tracheae and stigmata. As 8 or 10 larvae

nearly always develop in a single host individual, and the food is rap-

idlv consumed, the necessity for well-developed tracheae is thus apparent

Fig. 31.

—

Tetrastichus

giffardianus: Newly
hatched larva.
Length 0.25 mm.
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even within a few days after the larva hatches. No cannibalism occurs

among the larvae of this parasite although from 20 to 30 individuals

may be developing simultaneously. In such congested cases they nearly

all mature, but result in dwarfed adults. No waste matter is passed

by the larva, the midintestine being closed caudally during the entire

period of larval development. The larva enters a short prepupal period,

from 2 to 3 days in duration, before pupating. During this prepupal

period a very small portion of the accumulated waste is voided. This

would indicate that the mesenteron and proctodeum become connected

even before the pupa is actually formed. No
hibernating form of the larva is known to

occur.

The pupa is formed with its head facing the

cephalic end of the puparium (fig. 32). In

cases where 20 or 30 pupae are packed within

the puparium, a few may lie with the position

reversed. Of 200 puparia containing pupae

of T. giffardianus , examined during August

and September, 191 7, 3 per cent of the pupae

were lying with the head in this reversed

position.

The duration of the combined egg, larva,

and pupa stages is from 24 to 31 days in

the cool months and lasts about 18 days dur-

ing the warm months. In January, 191 7, 243

adults emerged in from 24 to 31 days after

the eggs were deposited, with an average

period of 28 days. In April, 1917, 894 adults

emerged in from 19 to 26 days after the eggs

were deposited, with an average period of 21 days, and in July, 1917,

455 adults emerged in from 17 to 19 days after the eggs were deposited.

Fig. 32.

—

Tetrastichus giffardianus:

Pupae in normal position and

number in fruit -fly puparium
opened to show contents. Greatly

enlarged.

The adult emerges from the puparium by gnawing a small hole, more

or less ragged and circular. Though the puparium may contain from

3 to 30 parasites, usually only one emergence hole is made. The typical

position of the emergence opening is shown in figure 33. Occasionally

two holes are made, and rarely three. They may be at either end of

the puparium or between the extremities. More than one emergence

hole usually results from the development of an excessive number of

individuals in the puparium. In one rare case wherein 39 parasites

emerged from a single puparium, three emergence holes were made.

A distinct, thin, brownish pupal skin is left in the puparium after the

adult has issued. Although wrinkled and twisted, the skin is an exact

replica of the mature pupa. The parasites may twist and turn about
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in the puparium for many hours before an opening is cut through which

they can escape. Males and females all appear to emerge at the same

time, for as soon as a sufficiently large exit hole is made, the adult

flies come out as quickly as possible, irrespective of sex. The males

remain hovering about the puparia but the females immediately crawl

away. The meconium, which is developed and retained in the mid-

intestine by the larva and held there in the pupa stage, is voided by the

adult immediately upon emergence.

Mating occurs as soon as the adults are out of the puparium. The

entire process occupies only a few seconds. Females once mated have

no difficulty in warding off the males. No mating occurs within the

puparium even though the parasites may be actively moving about in

it for several hours before they escape. This is proved

from the fact that all females taken immediately after

emergence and isolated produce parthenogenetic males.

One male may mate with several females withiji a few

hours. On September 8, 191 6, one male was placed with _^_

8 virgin females and left for four days. Each female r 'oSr
was then placed in a separate vial and given opportu-

nity to oviposit. All produced both male and female

progeny. That the male is particularly capacitated for

frequent mating is to be expected when the proportion

of the sexes is considered, the females always greatly

outnumbering the males. During 191 6 and 1917a total
1 J „ P 1 o , 'Pio. 2,i—Tetrasiichlis

of 13,114 males and 47,804 females, or 78.5 per cent, giffardianus: v^mi-

emerged from fruit-fly puparia collected in the field ^^ puparium
- , showing character-

about Honolulu. istic emergence

Unmated females are always arrhenotokous. From hole made by adult

the proportion of sexes secured from field collections, it

is shown that the smaller proportion of males readily gain access to and
mate with the much larger proportion of females.

OVIPOSITION

Females niay begin ovipositing as soon as they emerge, whether mated
or not. The mature pupa has well-developed eggs in the ovaries. Four-

teen newly emerged females when examined October 20, 191 7, contained

73, 70. 72, 60, 72>, 66, 71, 81, 65, 45, 58, 64, 61, and 52 mature eggs, re-

spectively. The method of oviposition is best understood by an exa«m-

ination of Plate 32, B, C, and D. The female enters the fruit wherever

access can be gained through holes, decayed spots, or breaks on the

surface. There is no evidence to indicate that the parasite bares into

firm pulp or into the skin of the fruit. Once into the fruit, however, the

female may become attached to a larva and be drawn through all manner
of pulp and juice before her object has been attained. As soon as a

larva is located, the ovipo&itor is quickly brought forward and beneath the

83817°—18 3
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body and inserted into the body of the larva. In this operation the

body is reared up with the front plair of legs stretched at full length or

often drawn free from the larva. Only one or two seconds are required

for the insertion of the ovipositor. The barbs at the tips of the piercing

blades now hold the female securely to the larva. By the time the ovi-

positor is well inserted the female is standing straight up on the ovi-

positor and balancing, often on only one posterior leg and the ovipositor

or on the ovipositor alone, as shown in the photomicrographs (PI. 32) , after

which the female moves very little. The legs and wings are held perfectly

still, although the larva may frantically bore about in the pulp or escape

entirely from the fruit, in an endeavor to dislodge the parasite. To
all contortions the female parasite remains indifferent. When the larva

is held in position beneath a microscope a rapid transference of liquid

and eggs can be seen passing down the ovipositor. After the eggs are

inserted the ovipositor is withdrawn and sheathed in from 2 to 3 seconds.

The ovipositor is not removed until the female brings all feet down again

in touch with the larva or anything that may be conveniently in reach.

The female deposits an average of 8 eggs in a cluster, Avith each inser-

tion of the ovipositor. Between September 4 and 21, 191 6, 50 separate

ovipositions were under careful observation. The time elapsing for

each oviposition ranged from 9 to 60 seconds, with an average of 35.6

seconds. The number of eggs deposited at each oviposition ranged from

2 to 16 with an average of 8.6. This average is interesting as a labora-

tory experiment, for it was found that from 3,527 adults of T. gifjardianus

emerging from 412 puparia collected in the field during 1916 and 1917,

the average number emerging from these puparia was 8.6 per puparium.

It indicates that the parasite generally oviposits only once into the same

larva and that the larva is not again stung by another individual, in

the majority of cases. One curious point in the rearing of this species

from field material should be emphasized. In every case under actual

observation wherein a fly puparium produced several females of T.

gifjardianus, one male, and occasionally more than one, developed in the

same puparium with them. In other words, each time a mated female

places a cluster of 6 to 8 eggs or more in a larva, at least one of those

eggs is destined to produce a male, for usually i male and 6 or 7 females

ultimately emerge.

It has been assumed generally that this parasite works mostly about

the ground. Certain evidence has been secured to show that it works a

great deal above ground also. Of 94 fruit-fly larvae emerging from

bestill fruits (Thevetia neriifolia) picked from trees on August 28, 191 7,

1 8. 1 per cent were parasitized by T. gifjardianus. Of 192 larvae secured

from the same host picked from the trees on August 16, 1917, 9.9 per

cent were parasitized by T. gifjardianus . Forty-five larvae from the same
kind of fruit picked from the trees on September 4, 191 7, produced 13.3

per cent T. gifjardianus . Of 533 fruits of the kamani picked from trees
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on October 8, 1917, 7.3 per cent were parasitized by T. giffardianus.

Parasitism by T. giffardianus of larv^aefrom these fruits, and other varieties

picked from the ground on the same dates, was not appreciably higher

than that just cited. . The individuals reared from larvae coming from
kamani fruits picked from the trees indicate that the females may fly

well up above the groun'd, for the lowest fruits of the kamani are usually

from 10 to 12 feet above the ground. It is a high, wide-spreading tree.

Although the female oviposits into any portion of the host larva within

reach, the majority of the eggs are placed in the posterior half of the

body. This is because the larva buries its head into pulp or juice almost

as soon as a female touches it, and, in her attempts to cling to the larva

and insert the ovipositor, the attachment is not ordinarily made until

she has been drawn back toward the posterior end. The female may
oviposit into a larva without being actually in contact with it. This

occurs when the ovipositor is forced through thin layers of pulp under

which the female may detect the presence of a larva. The larva must be

close to the female, however. A distinct, brownish, oval scar remains

on the larva at the point at which the ovipositor has been inserted. This

character is more clearly discernible after the larva has formed into a

puparium.

The maximum number of eggs deposited by a given female in confine-

meat was 104 (see Table VI). The greater number of eggs is deposited

during the first five or six days after the female emerges. They are

usually deposited in large lots at intervals 24 to 48 hours apart, rather

than in small numbers frequently. The greatest number of eggs de-

posited by a given female over a period of 24 hours was 62. No oviposit-

ing female has been kept alive longer than 12 days. The great prolific-

ness of this species is here seen from its habit of oviposition and in the

proportion of sexes above mentioned. With an average life cycle of

about 25 days, a deposition of from 90 to 100 eggs within the first five or

six days of life, and the resulting progeny 75 per cent female, the multi-

plication is seen to be very rapid. Fruit-fly larvae in the second instar

may be successfully parasitized.

Adults fed with honey and water and confined in glass tubes held in

partial darkness have been kept alive from two to three months without

difficulty, provided no opportunity is given for oviposition. Of 274
adults emerging on September 3, 1917, one male lived for 6i days and
one female for 69 days. Most of the males died between the ages of 30
and 50 days, while the majority of the females died between the ages of

40 and 60 days. Of 267 adults emerging on December 19, 191 7, one
male lived for 58 days and one female for 102 days. Nine of the females

lived over 90 days. This long life was due to the mild temperatures of

December, January, and February. Without food this parasite usually

dies within 46 hours, although one individual has been held alive for 55
hours.
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Table VI.

—

Daily rate of oviposition of Tetrastichus giffardianus, iQi6-iy
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part of 1 91 7. The rearing of these 7 individuals of Tetrastichus from
the melon-fly puparium was entirely owing to the parasitism of the

host, while a larva, first by this natural parasite, Optus flctcheri Silvestri,

and later by T. giffardianus. Proof of this is shown by the following

results.

Prior to September, 191 7, many attempts were made to rear the fruit-

fly parasites from melon-fly puparia. No difficulty was experienced in

inducing all of the species to oviposit in the larvse, but all parasitized

individuals developed into noimal flies. The opiines were easily led to

oviposit into melon-fly larvae by transferring these larvae from various

vegetables to the fruits of Mimusops elengi, a fruit usually heavily in-

fested with fiuit-fly larvae. There was no need for transferring the larvae

for T. giffardianus , however, as it readily entered any of the hosts of the

melon fly, such as cu-

cumber,pumpkin, etc.,

and quickly located

and oviposited into "^

the maggots. The in-

teresting results of /

these artificial at- \

tempts to rearfruit-fly
\

parasites from the

melon fly may be

briefly summarized as

follows

:

During ]\Iarch, 1917,

through the handling ^1^.34,

of melon-fly larvae as

described, a total of 154 eggs of Diachasma ^ryowi were deposited into 4a
melon-fly larvae, 17 eggs of D. fullawayi were deposited into 8 larvae,

33 eggs of Opius humilis were placed in 8 lai-vae, and 232 eggs of

Tetrastichus giffardiamis were deposited into 19 larvae. All of these

larvae pupated normally. Some were mature when stung while others

were only about two-thirds developed. From two to five days after each

was stung, it was dissected, being now in the pupa stage, and the parasite

eggs were counted and carefully examined. None of the opiine eggs

hatched and only a small proportion of those of Tetrastichus. In every

case, without exception, the opiine eggs developed only a little and then

became closely encysted in a mass of transparent cellular material (fig.

34). The egg is at first only thinly surrounded with this encysting sub-

stance, but after two or three days it becomes densely inclosed, forming
a homogeneous, ovoid body. The egg has then collapsed a little and has
become brownish in color. It can be faintly distinguished as it lies in this

body. The Tetrastichus eggs and some larvae that managed to hatch be-

came similarly encysted. In no case did a Tetrastichus larva live long

Diachasma tryoni: Dead encysted egg removed from melon-fly

pupa. Length of capsule 0.55 mm.
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enough to ingest a visible quantity of food. As the Tetrastichus deposits

its eggs in clusters of 8 or lo, they become "encapsulated " in such groups

(fig- 35)-

The presence of the eggs of these parasites in this dead, inclosed state

offers no impediment to the normal development of the melon-fly larva

to the adult fly. The adult emerges and carries within its body, usually

in the fat masses, these eggs singly or in groups, until death. Death does

not seem to be hastened by the presence of the foreign bodies within the

body. On May 24 and 25, 191 7, 25 melon-fly larvae were stung by ie-

males of Diachasma fryoni and eggs deposited in each. The larvae were

then permitted to develop, pupate, and finally produce living adult flies.

These flies were placed in

large jars and kept alive

for several months. On
June 4, 14, and 20, July

10, August 10, and Sep-

tember 27, a few of these

flies were killed and ex-

amined internally for evi-

dences of the parasite eggs

originally deposited in the

larvae. From i to 9 dis-

tinct, brownish, encysted

eggs of D. tryoni were lo-

cated in some portion of

the body of each of the 25

flies on the foregoing dates.

When, on September 4,

1917, as previously stated,

7 adults of Tetrastichus

gifjardianus were reared

from a melon-fly puparium

secured from the field, after such contradictory experiments had been care-

fully completed in March, renewed attempts were made to rear this species

in the laboratory from the melon fly. The possible significance of the

presence of the newly introduced melon-fly parasite, Opius fletcheri,

was immediately recognized. As the host larva was powerless to resist

the development of this parasite, it was assumed that a subsequent

oviposition by T. gifjardianus into larvae previously stung by O. fletcheri

might result in the rearing of adults of T. giffardianus. With this

object in view, melon-fly larvae were first subjected to attack by O.

fletcheri and then by T. giffardianus. As the rearings and examinations

from then on showed in every case where both species had parasitized

the larvae, the individuals of T. giffardianus developed and emerged as

perfect parasites, and in every case in which only the latter oviposited

Fig. 35.

—

Tetrastichus giffardianus: Dead encysted cluster of eggs

removed {rem melon-fly pupa. Greatest width of capsule 0.36

mm.
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into the larva, no parasite developed and the fly matured and carried

in its body the encysted eggs of T. giffardianus . In those cases in

which both parasites oviposited, the larvse of O. fletcheri always died while

very young, and all of the larvse of T. giffardianus survived. One case

out of 201 occurred, however, wherein a female of O. fletcheri and 5 adults

of T. giffardianus emerged from the same puparium. During September,

October, and November, 1917, 3,092 adults of T. giffardianus were reared

from 201 melon-fly puparia by the foregoing method of double para-

sitism. After all of the adults of T. giffardianus had emerged, micro-

scopic examinations were made of the contents of each of the 201 empty
puparia. In ever)^ case the dead laK-a of O. fletcheri, usually one to a

puparium, was found. This was proof absolute that every host indi-

vidual had been stung not only by T. giffardianus but also by O. fletcheri.

In conjunction with this, 429 melon-fly larvae were stung by T. giffar-

dianus alone. These larvae all matured to flies, and each of the flies

when dissected was found to contain clusters of encysted dead eggs or

larvae of T. giffardianus in various parts of the body.

As the duration of the egg of T. giffardianus is shorter than is that of O.

fletcheri, cases have been observed in which larvae of the former were

developing normally before the &gg of the latter had hatched. This

indicates that the immunization of the melon-fly larv^a against parasitic

development is destroyed at the time it receives the Q:gg of O. fletcheri.

This weakened resistance of the melon-fly larva to parasitic develop-

ment is caused most probably by toxic substances injected into the larva

by the female of O. fletcheri during the deposition of the &gg. The reduced

resistance of the larva is not caused by any mechanical injury or bacterial

infection attending the insertion of the ovipositor. Larvae have been

pricked with fine cactus spines or heavily stung by Diachasma tryoni and

then exposed to attack by T. giffardianus. In such cases the eggs of

T. giffardianus invariably became encysted as usual and died. The eggs

even became encysted in larvae that had been almost killed by running

a cactus spine through the body.

Unusual interest has attended the results of exposing melon-fly larvae

to the attack of O. fletcheri, followed by the exposure of the infested

melon-fly larvae to fruit-fly parasites other than T. giffardianus. In all

such cases the fruit-fly parasite eggs failed to develop, becoming as

tightly encysted as if the O. fletcheri egg had not been present. In other

words, no fruit-fly parasites will develop in melon-fly larvae under any
conditions, except in the case of the eulophid T. giffardianus, and this

species will do so only when combined with an egg or larv^a of the

natural melon-fly parasite, O. fletcheri.

O. fletcheri will develop normally in fruit-fly lar\'ae. Laboratory

experiments have proved this positively and it has been reared from
fruit-fly puparia secured in the field in Hawaii on three separate occasions.
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The parasitism of unnatural hosts has been investigated by others.

Of Americans, the work of Mr. P. H. Timberlake is of unusual interest.

He succeeded in inducing Limnerium validum

Cresson, which is a natural parasite of the

fall webworm {Hyphantria cunea Drury), to

oviposit in caterpillars of the brown-tail moth
(Euproctis chrysorrhoca Linnaeus), the gipsy

Fig. 36.—Gaiesus siivestrii: Egg, i day moth (Porthctria dispar Liunacus) , and the
o

.

Lengt 0.36 mm. rusty vaporer moth (Notolophus aniiquus

Linnaeus). In all the larvae of L. validum failed to develop. Timber-

lake (7) states that the larvae

fail to survive the protective reactions of the host, which are visibly manifested by
an accumulation of active blood cells or amoebocytes around the larvae, the cast

eggshells, and even the eggs themselves. The amoebocytes presumably attack the

living eggs and larvae, or at least ultimately efface the latter entirely.

RELATION OF THE INTRODUCED PUPAL PARASITES TO THE ESTAB-
LISHED LARVAL PARASITES OF THE FRUIT FLY

GALESUS SILVESTRII

In addition to the larval parasites brought into Hawaii to control the

Mediterranean fruit fly, a proctotrupid, Gaiesus siivestrii Kieffer, was

introduced by Silvestri in May, 191 3. This is a

pupal parasite. Though readily breeding in fruit-

fly puparia in confinement, it has never been

established in the open.

Experiments with this species in the laboratory

have shown definitely that it may act either as a

primary or a secondary parasite, and that its

tendencies are suspiciously more those of a sec-

ondary than of a primary parasite. Fruit-fly

puparia containing developing larvae of any of

the opiine parasites above described or of Tetra-

stichus giffardianus, when exposed to attack by

G. siivestrii, may produce adults of G. siivestrii.

Extensive experiments with combinations of G.

siivestrii and the larval parasites of the fruit fly

have proved beyond doubt that a female of G.

siivestrii will never place her egg loosely in a fruit-

fly puparium if that puparium contams already

the developing larv^a of some other parasite. In

such cases she invariably feels about with her

ovipositor until she locates the parasitic larva,

into which she oviposits. This egg may hatch

and ultimately a normal adult of G. siivestrii may
emerge from the fully developed parasitic larva and bite its way out.

of the puparium.

Fig. 37.

—

Gaiesus siivestrii:

Newly hatched larva.

Length i mm.
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Before discussing the relation of G. sihestrii to the other fruit-fly para-

sites, a brief summary of its hfe history will be given.

Under ordinary circumstances the Galesus female attaches herself to

the fruit-fly puparium (Pi. 32, E), inserts her

ovipositor, and within 3 to 15 minutes places

an &gg into the fly pupa. The subelliptical

egg (fig- 36) hatches in 2 to 3 days. The

newly hatched larva (fig. 37) is strictly an in-

ternal feeder. Its general structure is strik-

ingly like that of the newly hatched opiine

larva. The heavily chitinized head, bearing

long, curved mandibles, and the soft segmented

body strongly suggest a close relationship to the

opiines as shown in figures 3, 4, 23, 24, and 28.

No tracheae occur in the first-instar larva.

With the molt to the second instar (fig. 38), the

chitinized head is lost and the body is simple,

without strong characters, and very much re-

sembles the second-instar lar\^8e of the opiines.

A third instar occurs, resembling the second.

Whether or not there is an intermediate stage

between the third and the last has not been

determined. With the molt to the last larval

instar a strong, well-defined^ open tracheal sys-

tem appears, with three pairs of large stig-

mata. The stigmata are borne on the first

three segments back of the head. Heavily

chitinized, sharply pointed mandibles are pres-

ent (fig. 39). No waste material is voided by
the larva. The midintestine is filled with this

waste and is closed caudally. Just before pu-

pation, in the prepupal stage, the entire waste

accumulation is discharged.

Into this meconium the ex-

uvium of the mature lar\^a is

shed upon pupation. The
pupa then lies with the caudal

tip embedded in the voided

meconial mass and the
crumpled lar\^al exuvium. The entire egg, larval, and
pupal period averages, in Honolulu, from 25 to 32

days, depending upon the temperature. The adult emerges usually by
pushing off the dorsocephalic cap of the puparium (fig. 40). Mating
and oviposition occur immediately upon emergence. The female flies

Fig. 39.

—

Galesus sihes-

trii; Mandible of ma-
ture larva. Length

0.085 mm.

Fig. 38.

—

Galesus sihestrii: Larvaof

second instar. Length 1.5 mm.
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very little. It remains about the ground, entering crevices and crawling

under various objects, apparentl}' in search of fly puparia. In Hawaii

it has been reared from the puparia of several muscid species, but it has

never been reared from any material collected in the field. The female

may reproduce parthenogenetically, the resulting progeny being males.

In the laboratory the female does not discriminate between parasitized

and unparasitized fly puparia. She will insert her ovipositor into any
puparium. If it contains only a developing fruit-fly pupa, the egg is

deposited into the pupa. If the puparium contains a parasitic larva,

which may be even one of the small Tetrastichus larvse, her ovipositor

will search out this larva and an egg will be deposited into it. A Galesus

adult ultimately may mature within this larva. It will, of course, be

dwarfed. These small adults are fertile. Such a habit indicates a

strong hyperparasitic inclination.

During August, 191 7, a total of 195 fruit-fly larvae were parasitized

in the laboratory by Diachasma tryoni or Optus humilis. These larvae

were then permitted to develop and to

form into perfect puparia. The puparia

were then immediately placed in cages

containing females of G. silvestrii and left

for 2 days. From 5 to 7 days later each

puparium was opened and the contents

examined. In every case the puparium
contained a dead opiine larva or occa-

sionally a pupa, in each of which was a

rapidly developing, strong larva of G. silves-

trii. This, then, was hyperparasitismpure and simple. To prove that these

larvae of G. silvestrii ultimately would develop to normal adults, a fresh lot

of heavily parasitized fruit-fly larv^ae was collected in the field. They were
variously parasitized by D. tryoni, D.fullawayi, O. htimilis, and Tetrastichus

giffardianus, and some were unparasitized*. The puparia thus formed
from the larvae were placed with 75 adults of G. silvestrii on September 26

and left for 24 hours. The puparia, 277 in number, were then removed
and each placed separately in a small vial to await emergence. From
this material 94 adults of G. silvestrii emerged, with both sexes well

represented. Each of the 94 puparia producing the adults of G. silves-

trii was then carefully dissected, opened, and examined. In 68 of the

puparia the empty shell of a mature D. tryoni larva was found, and in

each shell the cast mandibles of the larva of G. silvestrii as well as

the characteristic prepupal meconial discharge of G. silvestrii was dis-

closed. In 3 puparia a similar larval shell of O. humilis was found, each
with similar contents. In i puparium the shell remains of a mature
D. jullawayi larva was found, and in it also were the larval mandi-

bles and prepupal meconial discharge of G. silvestrii. In the remain-

ing 22 puparia which had produced adults of G. silvestrii remains of the

Fig. 40.

—

Galesus silvestrii: Fruit-fly pupa-
rium showing characteristic emergence

hole made by adult parasite. Greatly

enlarged.
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fruit-fly pupa alone occurred, within which were the larval remains of

G. silvestrii. The remaining 183, puparia not having been parasitized by
G. silvestrii, produced 52 adults of D. tryoni, 14 of O. humilis, i of D.

jullawayi, 12 of T. giffardianus, 3 fruit flies, and the balance dried up
and produced nothing. Thus, in the 94 cases above cited, 72 occurred in

which a normal adult of G. silvestrii emerged as a hyperparasite on an
opiine parasite of the fruit fly. In 22 other cases it emerged as a normal
primary parasite of the fruit fly.

As above mentioned, females of G. silvestrii will always oviposit into

larvae of Tetrasiichus giffardianus as they lie developing in the fruit-fly

puparium. T. giffardianus is a small parasite, being hardly one-half as

large as G. silvestrii. Its larvae are thus very small to receive the com-
paratively large egg of G. silvestrii. Larvae of T. giffardianus about

0.7 mm. long are oviposited into by G. silvestrii, and the egg, which is

about 0.35 mm. long, hatches and the larva of G. silvestrii develops,

pupates, and may ultimately produce a dwarfed adult about 1.5 mm.
long. The immature larva of T. giffardianus receiving the egg of G. sil-

vestrii is able to develop to maturity. It is killed, however, before it is

able to pupate. Females of G. silvestrii have actually oviposited into

larvae of T. giffardianus only 2 days old. In all of the experiments

conducted to prove the hyperparasitic action of G. silvestrii over T.

giffardianus, the eggs of the former were deposited into larvae of the

latter not more than 4 days old, the majority being only 2 and 3 days

old.

On August 28 and 29, 191 7, a total of 209 mature fruit-fly larvae were

exposed to attack by T. giffardianus. All of these larvae formed into

puparia during the next two days. On August 31 these 209 puparia

were placed in a jar containing about 100 females of G. silvestrii and
left until September 2. On September 5, 6, and 7, 59 of the puparia

were opened, examined, and the contents carefully recorded. Each
puparium contained from 3 to 19 well-developed larvae of T. giffardianus,

and in every case from i to 6 of these larvae were dead and contained

an active larva of G. silvestrii in the first, second, or third instar. The
remaining 150 puparia were saved for adult emergences and ultimately

produced fruit flies, adults of both species, and in some cases both

species from the same puparium.

Thus we have positive proof that this proctotrupid may be strongly

hyperparasitic upon any of the established parasites of the fruit fly that

are now contributing toward its control in Hawaii, and that it may act

with equal freedom as a primary parasite of the fruit, fly.

PACHYCRBPOIDEUS DUBIUS

A pteromalid, Pachycrepoideus duhius Ashmead, introduced from the

Philippines by Mr. D. T. Fullaway in 1914 as a dung-fly parasite, has
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been reared occasionally from fruit-fly puparia. It is not an important

fruit-fly parasite, but the interesting relations that may exist between

this and the other fruit-fly parasites has led to a laboratory study of this

species, with results worth recording.

The female oviposits into the puparium, the &gg being placed on the

surface of the developing pupa within, and its larva develops on the

pupa as an external feeder. Thus from the first it bears a well-developed

tracheal system. The fly pupa is killed shortly after the parasitic larv^a

hatches and the lar\^a continues to feed upon the decomposing pupa.

It feeds much in the sense of a scavenger. It does not consume all of

the food in the puparium. The meconium is voided just before pupa-

tion and the pupa lies partly buried in the decayed remains of the fly

pupa and its own meconium. The adult parasite emerges

by cutting a small, circular hole in the puparium (fig.

41) and is immediately ready for mating and oviposition.« -l Another minute meconium is discharged immediately

I upon emergence. The female may reproduce partheno-

genetically with the resulting progeny all males. The
entire period from deposition of ^gg to emergence of adult

lasts onl}^ from 15 to 16 days.

As the larva of this parasite is an external feeder within

the puparium from the first, and the larvae of the other

parasites are all internal feeders, the relationship between

them is interesting. In a certain sense this parasite has
piG4i.—Pachycre-

^^^j^ provcd a primary, a secondary, or a tertiarv parasite.

Fruit-fly pupari- As a primary it develops on the fruit-fly pupa, as a sec-
um showing char-

^^^^^.y i|- dgvelops ou larvas or pupae of Tetrastichus
actenstic emer- -' ^ '^ '

gence hole made giffardiatius, Opius humiHs, Diachasma tryoni, D. fulla-
by adult parasite, ^^y.: qj. Qalcsus sUvestrii as they occur as parasites in
Greatly enlarged. -^ '

j sr

the fruit-fly puparium, and as a tertiary parasite it will of

course develop on a larv^a of G. sUvestrii, which in turn has been feeding in

the larvae of the above-mentioned opiines or T. gifjardianus. In the

laboratory,inlarge jars, this parasite indiscriminately oviposits intofruit-fly

puparia to bring about all of the above conditions of parasitism and may
be expected to act similarly in the field, when able to reach fruit-fly pu-

paria. Fortunately it does not show any decided capacity for penetrat-

ing soil in search of fly puparia and is probably more attracted to situations

harboring the dung-feeding species. The data demonstrating the various

capabilities of this species as a primary, secondary, or tertiary parasite

may be summarized as follows

:

During November 24 and 25, 1917, a total of 341 fruit-fly puparia

were secured from kamani fruits collected about Honolulu. These

puparia were variously parasitized by 0. humilis, D. tryoni, D. fullawayi,

and T. gifjardianus. On November 29 they were placed in a jar con-
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taining about 100 females of P. duhius and left until December 2. They
were then removed and on December 7 and 8 dissected and carefully

examined. Thirty-one contained a dead larva or pupa of D. tryoni on
which was feeding a mature larva of P. duhius; 73 contained a dead

larva or pupa of O. humilis on which fed a larva of P. duhius; 2 con-

tained a dead larva of D. fullawayi on which was a larv^a of P. duhius;

22 contained from 3 to 31 larvae of T. gifjardianus, some of which were

in each case dead and on which fed a larva of P. duhius; 30 contained

decomposed fruit-fly pupae parasitized by P. duhiits alone. Of the re-

maining 183 puparia, 46 were unparasitized, 88 were parasitized by only

O. humilis, 31 by only D. tryoni, and 18 by only T. gifjardianus.

Again, on October 23, 50 fruit-fly puparia containing developing

larvae of O. humilis and D. tryoni were exposed to attack by G. silvesirii

for one day. On October 30 they were placed in a jar containing females

of P. duhius and left for two days. They were then opened and ex-

amined on November 10 with the following interesting results: Thirty-

five contained dead larv^ae of G. silvestrii lying in dead larvae of O. hu-

milis or D. tryoni, on the whole of which was feeding in each case a larv^a

of P. dubius.

The relation of the P. duhius to T. gifjardianus is also of interest.

Very frequently a puparium containing 15 or 20 larvae or pupas of T.

gifjardianus and exposed in the laboratory to attack by P. duhius will

yield a normal adult of P. duhius and several normal adults of T.

gifjardianus. On November 23 and 24, 83 fruit-fly larvae were para-

sitized by T. gifjardianus in the laboratory. The 83 puparia forming

from these were then placed with adults of P. duhius and left for three

days. On December 8 the puparia were opened and examined. In 23
cases examined, from 4 to 20 dead larvae of T. gifjardianus were found,

and on these in each case was feeding a mature larva of P. duhius; in

30 puparia from i to 10 living pupae of T. gifjardianus occurred together

with from 3 to 20 dead larvae of that species upon which were feeding

larvae of P. duhius, one in each instance; in the remaining 33 puparia

from 7 to 19 individuals of T. gifjardianus were developing in the ab-

sence of individuals of P. duhius.

In conclusion, it should be borne in mind that G. silvestrii is not known
to be established in Hawaii as yet, and that P. duhius probably only

parasitizes a fraction of i per cent of the fruit-fly puparia in the field,

but that the relations between these and the other fruit-fly parasites, as

detailed in the foregoing pages, can be expected as a natural sequence if

they ultimately adapt themselves to Hawaiian conditions and become
thoroughly established.



464 Journal of Agricultural Research voi.xv, no. s

PHEIDOLE MEGACEPHALA AS A PREDACIOUS ENEMY OF THE
FRUIT FLY

Although several species of ants are common in the Hawaiian Islands,

the cosmopolitan ant P/ie«io/e mc^acg^/ia/aFabricius greatly outnumbers

all others and is enormously abundant throughout the islands at low

elevations. It is quite probable that it checks and greatly limits the

increase of several of these species. It is quickly drawn to any fresh or

decaying animal matter and the soft body of the fruit-fly larva falls an

easy prey to it. It has been generally assumed, that this ant destroys

large numbers of fruit-fly larvae throughout the year. Very little defi-

nite data are on record, however, covering investigations on this rela-

tionship. Though the following records are not extensive, they all point

in one direction and are significant.

Four hundred and eighty-eight kamani fruits collected from a certain

tree in Honolulu on December 3, 191 6, were spread out under the tree on

a large piece of canvas covered with i inch of sand and left for 10 days.

By this time practically all of the contained fruit-fly larvae had developed

and pupated in the sand beneath the fruits or had been carried away
by ants. The sand was then sifted and the fruit-fly puparia were

counted. A total of 606 fruit-fly puparia were obtained. This was

an average of 1.2 larvae per fruit. During November and December

969 more fruits were gathered from the same tree and taken to an

ant-proof insectary to be held in boxes of sand for 10 days. From
these 4,895 fruit-fly puparia were obtained, or an average of 5 larvae per

fruit. Here four times as many larvae per fruit developed in the lot

where the ants were excluded. From 1,301 fruits of the same kind col-

lected from another tree in Honolulu in November, 191 7, and similarly

placed and held for 10 days on canvas under the tree, 3,742 fruit-

fly puparia were ultimately obtained. From the same tree and col-

lected at approximately the same date, 909 fruits were taken and

brought to the ant-proof insectary. Fiom these 10,1 19 fly puparia were

secured. Here again almost four times as many larvae per fruit were

obtained from the fruits held away from the ants. On January 25, 1918,

664 loquats were collected from several trees in a certain yard in Hono-

lulu and divided in half, one half going out on the canvas and the other

part to the insectary. From the lot on the canvas, after 10 days'

exposure, 156 fruit-fly puparia were gathered, and from those in the

insectary a total of 840. In this case the ant-proofed lot produced over

five times as many puparia. On January 29, February 2, and February

6, 1918, an aggregate of 3, 100 fruits of the black myrobalan was collected

from one tree. This total was divided in half as soon as each lot had been

collected, the two portions being handled as in the above cases. From

the fruit held in the insectary 6,668 fly puparia were obtained, while

only 4,385 puparia were ultimately secured from the half placed out on
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the canvas. Here the lot held away from the ants was iK times as

great as that exposed to the ants.

The foregoing should represent a very conservative estimate of the

destruction of fruit-fly larvae by this ant. It shows consistently that

from one-third to four-fifths of the larvae developing in all fruits in the

field very probably never mature to adult flies.
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PLATE 32

Oviposition of fruit-fly parasites:

A.

—

Diachasma tryoni ovipositing into fruit-fly larva in fruit of Mimusops elengi.

B, C, D.

—

Tetrastichus giffardianus ovipositing into fruit-fly larva.

E.

—

Galeszis silvestrii ovipositing into fruit-fly puparium.

(466)
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OBSERVATIONS AND EXPERIMENTS ON INTESTINAL
TRICHINA

By Benjamin Schwartz

Zoological Division, Bureau of Animal Industry, United States Department of Agri-

culture

SCOPS OF WORK

Although Trichinella spiralis has been studied by many investigators,

the literature on the subject is almost exclusively devoted to the mor-

phology and life history of the parasites and their relation to the disease

which they produce in man and in other mammals. Several investiga-

tors have recorded some casual observations on the physiology of these

parasites, particularly with reference to the resistance of the encysted

larvae to unfavorable conditions. No attempt has heretofore been

made, however, to present a systematic account of the behavior of these

organisms under the influence of various physical and chemical stimuli

at different stages of their life history. Recently Ransom (6y in the

course of a report of an investigation on the effects of refrigeration on

the encysted larvae of Trichinella spiralis has presented some interesting

data relative to their behavior when freed from their cysts by artificial

digestion. Ransom and the present writer have continued these inves-

tigations and have obtained a considerable amount of data ^ on the re-

sistance of the larvae to high temperatures and to various physical and

chemical agents.

Inasmuch as little has been known heretofore concerning the physio-

logical processes of the parasites concomitant with their growth in the

small intestine, it appeared to the writer that observations and experi-

ments on the intestinal forms, with special reference to their behavior

under various conditions, might yield some useful information. The

present paper embodies the results of this work and also includes observa-

tions on the molting of the larvae in vitro, a phenomenon which, so far

as the writer is aware, has not been hitherto recorded.

METHODS OF STUDY

In nearly all the observations and experiments recorded in this paper

the parasites were obtained from albino and hooded rats which were

artificially infected by feeding ground-up trichinous pork. It was found

that after being kept on a vegetable diet for several days, rats devour

meat very readily even though it is badly decayed. In some respects

' Reference is made by number (italic) to "Literature cited," p. 482.

2 These results have not yet been published.
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rabbits and guinea-pigs are less favorable hosts from the experimenter's

point of view. They will not swallow meat unless it is fed forcibly.

Even under these conditions the attempted infection is not always suc-

cessful in the case of rabbits, and occasionally yields negative results in

guinea-pigs. The former were observed to regurgitate meat several

minutes after being fed. However, aside from these considerations the

size of the intestine and the character of its contents make it rather diffi-

cult to isolate the parasites from the intestine of rabbits and guinea-pigs.

The intestine of the rat, being considerably smaller, presents the para-

sites in greater concentration. In the writer's experience the contents

of the intestine of a rat even a few hours after a meal do not seriously

interfere with the detection and isolation of the parasites. However,

when it is desired to keep the host animals alive for several weeks, rats

are not to be relied upon unless they are only lightly infested with the

trichinae and are kept in a warm place and protected from drafts. A
heavy invasion of trichinae sets up an acute intestinal inflammation in

rats and causes their death as early as the third day after artificial

infection. A sudden change in temperature or a draft is very likely

to bring them down with pneumonia. If it becomes necessary, there-

fore, to keep the hosts alive for a month or longer, rabbits or guinea-pigs

should be used in preference to rats. Instead of attempting to feed the

meat forcibly to these animals, the writer found it more desirable to use

the following procedure: The meat is thoroughly chopped up and then

digested in an artificial gastric juice for about 18 hours at a temperature

of 38° to 40° C. The formula for artificial gastric juice recommended

by Ransom (d) has proved entirely satisfactory except that it was found

that by reducing the amount of sodium chlorid to 2 grams per 1,000

cubic centimeters of fluid, a more thorough digestion of the meat was

obtained.^ After digestion of the meat the fluid is slowly decanted and

replaced by a 0.7 per cent solution of sodium chlorid. The parasites

are allowed to settle to the bottom, and the supernatant fluid is again

decanted. This may be repeated until the parasites have been thor-

oughly washed. They may then be transferred to a smaller vessel and

taken up in a fine pipette with some of the salt solution and forced down

the esophagus of rabbits or guinea-pigs. This procedure has invariably

resulted in a successful infection.

Intestinal trichinae were obtained from their hosts as follows : After the

animal had been killed by chloroform, the intestine was removed to a

large petri dish containing a 0.7 per cent solution of sodium chlorid.

The intestine was then slit open from end to end and the mucosa care-

fully scraped with the dull edge of a scalpel in order to remove the para-

sites from their places of attachment. They were then picked out with

the aid of a dissecting microscope by means of a fine pipette, the opening

> The modified formula is as follows: Water, 1,000 cc.; hydrochloric acid (sp. gr. 1. 19), 10 cc.; scale pepsin

(U. S. P.), 2.5 gm.; sodium chlorid, 2 gm.
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of which was too small to admit the coarser intestinal debris. The organ-

isms were transferred to a 0.7 per cent solution of sodium chlorid in a watch

glass which could be mounted on the stage of the microscope in order to

make observations. To make out details slide preparations were made.

When it was desired to keep the parasites in the laboratory overnight they

were transferred by means of the pipette to a second watch glass in order

to get rid of as much intestinal debris as possible. If this precaution

is not taken putrefaction may set in, which, besides causing an offensive

odor, forms a film on the surface and interferes with the observations.

Unless otherwise stated the parasites were kept in a 0.7 per cent

solution of sodium chlorid which will be referred to as a physiological

salt solution. In the description of the experiments and observations

reference is made to the time which elapsed between the feeding of the

trichinous meat to the host and the isolation of the parasites from the

intestine. Inasmuch as albino rats do not as a rule eat the meat as soon

as it is offered to them allowance must be made for the intervening period,

which may vary from a few minutes to several hours.

MIGRATION OF THE LARV^ FROM THE STOMACH TO THE INTESTINE

When trichinous meat is fed to a suitable host the cysts are digested

in the stomach, the larvae becoming free in the lumen. The following

observations point to the conclusion that the decapsuled larvae do not

linger in the stomach but make their way into the small intestine very

promptly after their liberation from the cysts. Furthermore, to judge

from their behavior in vitro, it appears highly probable that their own
muscular movements aid them in this change of location.

When the stomach still contains trichinous meat in various stages

of digestion few decapsuled larvae are found in it, although the small

intestine may contain many newly arrived parasites. The latter may
still be tightly coiled and, therefore, probably unattached to the mucosa.

Within four hours after feeding trichinous meat, a number of tightly

coiled larvae were found in the intestine, but none were seen in the stomach.

Eighteen hours after feeding, the small intestine was found to contain

numerous parasites, some attached to the mucosa and active, others

still unattached and coiled, the latter l5dng free in the lumen. The stomach

contents of such hosts were usually found to be free from parasites.

Feeding trichinous meat in which the parasites are no longer alive or

so reduced in vitality as a result of refrigeration or other means of

attenuation that they fail to survive the action of the gastric juice,

does not result in a rapid transfer of the larvae from the stomach into the

intestine. Within about 18 hours after feeding such meat numerous

larvae were found in the stomach. The parasites were uncoiled and

inactive and somewhat paler than larvae known to be alive. In the

small intestine the parasites were found in various stages of digestion.
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Ransom (<5) has shown that after trichinous meat has been digested

at a temperature of 37° to 40° C. in an acidified solution of scale pepsin

the parasites are liberated from their cysts. When taken out of the

incubator the larvae in the artificial gastric juice arefound to be very active.

Their activities are due to vigorous muscular movements, which propel

the parasites and are thus locomotory in nature. Assuming that after

liberation from their cysts in the stomach of a rat or other host the

larvae exhibit the same activity, it is probable that their own movements
hasten and guide their transfer to the intestine. Chemotactic influences

may play an important part in the migration of the larvae from the

stomach to the intestine.

The nonliving larvae apparently remain in the lumen of the stomach

until they are forced into the intestines with the chyle.

EFFECTS OF GASTRIC DIGESTION ON THE LARV^

Ransom (6) found that after artificial digestion the decapsuled larvae

may be kept active for over three weeks in a physiological salt solution.

Ransom and the writer kept decapsuled larvae alive in Ringer's

fluid at a temperature of about 10° C. for seven weeks, at the end of

which period they showed activity on a warm stage.^ At body tempera-

ture the life of the decapsuled larvae kept in vitro is brief according to

the writer's observations, seldom exceeding 48 hours. But whether

the larvae survive several weeks or several hours, they neither in-

crease in size nor exhibit any other morphological changes which can

be attributed to growth. After artificial digestion they can maintain

their vitality outside of the host for varying periods, depending on the

temperature and osmotic pressure of the medium in which they are

kept, but they do not resume their processes of growth and morpho-

genesis, which came to a halt coincident with encystment.

The question arises whether natural gastric digestion not only releases

the parasites from their cysts, as artificial digestion does, but also in

some way stimulates them to growth and development. That is, may
not the impulse which leads to growth originate in the stomach of the

host, the intestine merely supplying a suitable environment for con-

tinuation of the process begun in the stomach? Within four hours

after feeding trichinous meat the writer isolated several larvae from the

small intestine. They were tightly coiled and apparently quite unaffected

by their passage through the stomach and brief sojourn in the intestine.

After being transferred to a physiological salt solution they were placed

in a refrigerator at 10° C. They remained tightly coiled in the same

way as lan^ae obtained by artificial digestion.

Coiled trichinae obtained from the intestine 15 hours, 18 hours, and

24 hours after feeding trichinous meat were similarly isolated and kept

' The results of these experiments have not yet been published.
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alive in a physiological salt solution for a number of days without their

undergoing any growth changes. These larvae must have been in the

small intestine for at least several hours, yet their larval condition

remained unaltered and they were capable of living for several days in

a salt solution. In view of these facts and in the light of what will pres-

ently be described with reference to the behavior of the intestinal para-

sites which have begun further development, it is apparent that the

effects of natural gastric digestion on the larvae is very much like the

effects of artificial digestion; that is, the parasites are liberated from
their cysts, but are not stimulated to further development.

CHANGES IN THE BEHAVIOR OF THE DEVELOPING LARVAE

As has already been stated, larvae taken from an artificial digestive

medium after a period of incubation of 18 hours are quite active. Even
after being washed in a physiological salt solution several times, the para-

sites still exhibit movements at room temperature. Gradually they

become sluggish, the posterior end of the worm ceasing its contractile

movements entirely, while the anterior end may still exhibit feeble

activity. The worms finally coil up tightly and lapse into a quiescent

condition, which characterizes these parasites in their normal locations

in the voluntary muscles of the host.

In comparison with the quiescent state of the intact larvae at room
temperature the sexually mature and the maturing parasites taken from

the small intestine and kept under observation in a physiological salt

solution present a marked contrast. The intestinal forms continue

their movements with almost unabated vigor until they succumb.

Their activities are not as feverish as those of the intact larvae which have

been artificially stimulated, but are more persistent, more regular, and
independent to a considerable extent of any external stimulation. Under
none of the conditions to which they were subjected have the intestinal

trichinae been observed to coil up. Not even the depressing temperature

of a refrigerator (10° C.) caused them to manifest the least traces of

becoming coiled. The cold rendered them temporarily rigid, but they

remained either completely elongated or exhibited a sinuous outline. It

was quite evident that the low temperature paralyzed their movements,

leaving each individual in the posture which it had assumed prior to

coming under the influence of the cold.

It appears, therefore, that in addition to certain morphological differ-

ences the intestinal forms may be readily differentiated from the intact

larvae by their behavior in vitro. This is not the only physiological

criterion, however, which can be employed to distinguish the maturing

forms from the encysted larvae. The latter have been known for a long

time to have marked powers of resisting various toxic agents, in which

respect they also stand out in sharp contrast with the developing forms.
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as will be shown elsewhere in this paper. The last criterion can therefore

be employed as a check on the first to distinguish the early developing

intestinal larvae from the intact forms, particularly when the morphologi-

cal state following growth in the intestine is not yet sufficiently advanced

to warrant a diagnosis on the basis of structure.

In order to determine whether the change in the behavior of the larvae

becomes established coincident with the resumption of growth in the

small intestine, the organisms were taken from their hosts within i8 to

24 hours after feeding trichinous meat. Upon examination some of the

parasites were seen to be in process of molting, and their subsequent

behavior at room temperature showed that individuals which have

reached the molting stage have abandoned the larval habit of becoming

coiled. Of the nonmolting larvae, some continued their active move-

ments, whereas others became sluggish and finally coiled up. A number

of active forms molted while they were kept under observation, and

many of the molting as well as the nonmolting forms succumbed within

a few hours. The quiescent forms which became coiled neither resumed

their activities spontaneously nor perished at room temperature. Some
of these forms were stored in a refrigerator where they maintained their

vitality for many days. In fact, they behaved in the same way as larvae

obtained by artificial digestion of trichinous meat.

In view of the fact that certain larvae obtained from the host within

18 to 24 hours after feeding trichinous meat may already have molted

at least once in the intestine, it is safe to assume that the active larvae

which did not molt while they were kept under observation had already

cast off their cuticles in the intestine of the host. At least their behavior

in vitro showed that they are to be classed with the actively molting

forms.

These observations show that larvae which are in the act of molting,

as well as larvae which have molted prior to their isolation from the

intestine, have lost the power of assuming the tightly coiled posture

which characterizes the intact larvae. They continue their movements

until they succumb, and exhibit other traits characteristic of larvae

which are definitely known to have molted. Thus they may undergo

rapid disintegration when kept in a physiological salt solution at room

temperature and exhibit an intolerance for certain toxic substances,

which will be discussed elsewhere in this paper.

MOLTING OUTSIDE OF THE HOST

Larvae taken from the intestine within 1 8 hours after feeding trichinous

meat do not as a rule show any evidence of having molted. If the indi-

viduals that continue their movements one or two hours after isolation

from the small intestine are carefully observed, the molting process may
be studied from its initial stage to its completion. The first evidence is
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a retraction of the larva from its cuticle, leaving the latter empty at one

end. This is usually observed to occur first at the posterior end. The

empty portion continues to increase in size, and gradually the anterior

end of the worm begins to contract in the same manner as the posterior

end. The worm now assumes the appearance of being incased in a

cuticle which is a little too long for it. The head end usually breaks

through the membrane and continues lively movements until the entire

worm pulls out, leaving the cast-off skin behind.

It is a significant fact that certain larvae isolated from the small intes-

tine as late as 24 hours after feeding the host trichinous meat resume

their coiled-up larval posture and do not undergo any further changes

when kept in physiologicaf salt solution, whereas others under the same

conditions continue their lively movements and undergo a molt. The
active larvae have apparently been stimulated by some factors present

in the small intestine. Their greater activity at room temperature as

compared with that of intact larvae is evidence that their metabolism has

been accelerated, and that this change in the rate of metabolism is non-

reversible is evident from the fact that the parasites no longer react in

the former manner to a lowering of the temperature, but continue active.

Their subsequent molting would indicate that the influences under which

the parasites resume their processes of growth and morphogenesis are so

strong that having once been initiated the reaction proceeds even though

the environment under which it normally occurs is replaced by an inert

solution of sodium chlorid. The decapsuled larvae prior to their stimu-

lation in the small intestine are in a condition of physiological stability.

They may, of course, be artificially stimulated to abnormal activities by
various physical and chemical agents which if of sufficient intensity and

duration soon result in their total destruction. But when the larvae

are mildly stimulated, the reactions usually subside shortly after the

exciting cause is removed, and the larvae again lapse into a quiescent

state. Artificial physical and chemical stimuli, short of those that de-

stroy the life of the parasites therefore produce reversible reactions.

Under the influence of conditions to which the larvae are subjected after

reaching the small intestine of the host animal, a series of reactions is

initiated which produce morphological changes in the parasites, leading

toward their sexual maturity. These reactions are nonreversible, as they

continue for a relatively long period of time in the absence of conditions

that brought them about.

The molting process in the larvae proceeds rather slowly at room
temperature. At a lower temperature it may be suppressed, whereas at

body temperature it may be greatly accelerated, as the following experi-

ment will show

:

Larvae were obtained from a rat within 24 hours after feeding trichinous

meat. A few parasites were placed in each of three watch glasses con-

taining a physiological salt solution, and kept, respectively, in an incu-
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bator at 40° C, in a refrigerator at 10° C, and at room temperature.

At the end of about three hours each watch glass was examined and the

following results noted: The larvae from the refrigerator were rigid

though not tightly coiled. After standing at room temperature for sev-

eral minutes they became active, but no evidence of molting could be

found. A careful examination of the contents of the watch glass failed

to show any cast-off cuticles. The larvae which had been left at room

temperature were in the act of molting, but with the possible exception

of two or three, the process had not been completed. The larvae from

the incubator were feverishly active and nearly all of them had com-

pletely cast off their cuticles, which were found at the bottom of the

dish. Some were in the act of molting again.

Thus it is evident that temperature is a prime factor in the growth of

the intestinal trichinae. It is rather significant that a temperature of

10° C, inhibited the growth process without exerting a deleterious effect

on the larvae. In fact, after removal to room temperature one of the

larvae which had been kept in the refrigerator was seen to commence to

molt, but as the observation was not continued it is not known whether

the process was completed. The life processes of Trichinella spiralis

under experimental conditions are modifiable to a considerable extent

by certain environmental factors. Within certain limits they may be

retarded by low temperatures and accelerated by high temperatures

after the parasites are taken out of their host.

In the above experiment it was noted that certain larvae behaved

quite differently from the others. At room temperature as well as in the

incubator they remained tightly coiled. The parasites in the dish taken

from the incubator were all active at first, but at the end of about 30

minutes a number of larvae became sluggish and finally coiled up. The
assumption was made that the coiled larvae were still intact so far as

further growth was concerned and that they had apparently remained

uninfluenced by their stay in the intestine. It was obvious that the

incubator temperature did not stimulate them to development, but in

order to settle this point more definitely the following experiment was

performed.

A rat was killed within 20 hours after feeding trichinous meat. The
larvae after being isolated from the intestine were allowed to remain at

room temperature for about an hour and only those which became tightly

coiled were isolated and placed in another watch glass. The latter was

kept under observation for about 30 minutes, and those larvae which

were not definitely coiled were taken out by means of a pipette. The

dish was then covered and placed in an incubator at 40° C. for three

hours. When the parasites were removed to room temperature they

were quite active. Gradually their activities ceased, and they began to

coil up. No cast-off cuticles were found in the dish and no parasites

were seen to be molting.
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It would therefore seem that it is not the high temperature which is

responsibloffor the rapid molting of the larvae, but that it merely hastens
the process commenced in the small intestine. Larvae which by their

behavior appear to have escaped the intestinal influences do not molt
even under a favorable temperature.

SURVIVAL OF INTESTINAL TRICHINA OUTSIDE OF THE HOST

One-day-old intestinal trichinae are sensitive to the sudden change of

environment and die within a few hours after their transfer from the

intestine to physiological salt solution, either by a gradual process of

disintegration in which case there is a dissolution of the worm progressing

from one end to the other, or else they become rigid and begin to under<70

granular degeneration without dissolution. It was found that such

parasites do not even survive for 24 hours in a refrigerator at a tempera-

ture of about 10° C. Two-day-old intestinal trichinae are not quite so

sensitive and may be kept alive for 24 hours at 10° C. but not much
longer. In 3-day-old intestinal parasites the resistance is greater.

They have been kept alive in a refrigerator for two days, though at

room temperature they succumbed earlier. Four-day-old and older in-

testinal trichinae may be kept alive without difficulty for several days

at a low temperature. Thus after development has actually begun in

the intestine the tolerance to unfavorable conditions increases in pro-

portion to the age of the parasite. The larvae before they have been
affected by their presence in the intestine are highly resistant to unfavor-

able conditions. On the other hand the youngest intestinal forms,

shortly after the resumption of growth and morphogenesis, can not

withstand abrupt changes which interfere with their developmental

processes. The sexually mature forms again pass into a condition of

relative stability which is accompanied by an increase in the power of

resistance to unfavorable surroundings.

These observations are in harmony with the observations on the sur-

vival of the intestinal trichinae after the death of their host. The writer

found that within about 12 hours after the death of the host i-or 2-day-old

intestinal trichinae usually perish, though occasionally a few may remain
alive. They lose their hold on the mucosa and lie free in the lumen of

the intestine where they undergo granular degeneration. Older intesti-

nal trichinae survive for a longer period, since they have been found still

alive after the host had already begun to undergo decided putrefactive

changes.

SPONTANEOUS DISINTEGRATION OF INTESTINAL LARV^ IN VITRO

In the course of the observations on the parasites removed from the

intestine after artificial infection it was noted that when the larvae are

kept in salt solution at room temperature some of them begin to disinte-

grate spontaneously. In fact the writer observed on several occasions
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that watch glasses which but two hours earlier contained numerous

larvge had become almost free from the worms. This phenomenon was

so striking that it was studied in detail as to the method of occurrence.

The worms utilized in these observations were obtained from the host

24 hours after artificial infection. For the first 2 or 3 hours after the

larvae were isolated and kept at room temperature, the phenomenon

was but seldom observed. Later, epidemics of disintegrations were noted,

and worms at various stages of degeneration were readily found. The

first sign of the process is a granulation of the worm at one end, more

often at the anterior end. This is followed by a disappearance of the

granules, the worm becoming gradually smaller. Occasionally the

writer noted parasites in which the tv/o ends had degenerated and the

middle part was still intact. The
wave of disintegration spreads slowly,

and involves not only the internal or-

gans, but the cuticle as well. In this

respect, as will be shown later, the

process differs from disintegration

induced by potassium cyanid.

The writer was at first inclined to

believe that the absence of the in-

testinal contents of the host was per-

haps responsible for the degenerative

changes of the worms. However,

even when the worms were kept in

salt solution to which the intestinal

contents of the host were added the

process still occurred.

Several interesting speculations

suggest themselves in this connection.

The degeneration may perhaps be associated with a failure to undergo

successful molting. It is not at all imiprobable that worms which have

been stimulated by certain factors of the intestinal environment should,

after sudden removal from that environment, undergo degenerative

changes. There is a further possibility that the lack of proper food may
check the impulse to growth and development, and lead to the process

of degeneration. Finally, it is possible that concomitant with the

growth of these parasites they liberate toxic substances which in an

artificial environment exert a deleterious effect upon the parasites them-

selves. The last hypothesis can be subjected to experimental verifica-

tion and the writer hopes to study this phase of the subject in connection

with studies which are now in progress on the possible presence of toxic

substances in the sera of hosts harboring trichinae. It may be mentioned

that Tallqvist (7) found in Bothriocephalus laius a proteolytic ferment

which was capable of destroying the proglottids of that tapeworm.

fo)^aa^^

i/io mm:

Fig. I.—Skeleton outlines of two dwarfed trichi-

nae after the first molt outside of the host and
of two unmolted larvae from the same host

about 18 hours after artificial infection.
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Fig. 2.

—

Trichina spi-

ralis: Outline draw-

ing of a larva in the

act of molting out-

side of the host.

DWARFS PRODUCED IN CULTURE DISHES

In the course of the observations on the molting of the larvse in cul-

ture dishes it was found that sometimes after the first molt the parasite

is only a little more than one-half the size of the unmolted lar\^a (fig.

1,3). These dwarfs maintain their vitality for some time after the

molt, although they appear to be exceedingly sluggish.

Their tissues, too, are not as transparent as the tissues

of normal larva; after the first molt. In fact the

worm as a whole is darker in color and presents a

very compact appearance. It is possible that the

decrease in size is a result of food deprivation in-

volved in the removal of the parasites from their nor-

mal environment to a culture dish. It is rather

remarkable that under such conditions a second nrolt

should be initiated almost immediately after the

casting off of the first cuticle. The outline of the worm shown in figure

3 is of a dwarf larva of Trichinella spiralis in the course of the second

molt. The parasite was obtained 18 hours after artificial infection,

and the observation was made about 4 hours after the worm had been

kept at room temperature.

CHANGE IN RESISTANCE OF INTESTINAL TRICHINAE

A number of investigators have been struck by the marked powers of

the intact larvae to resist various unfavorable conditions. Davaine (j)

states that he kept larvae isolated

from the muscles alive in fresh water

for a month. The same writer also

notes that after having reached the

adult stage in the intestine this re-

sistance is lost, and that the worm^s

perish in fresh water within one hour.

The present writer has observed

that the decapsuled larvae are very

tolerant to distilled water, concen-

trated sodium-chlorid solutions, weak

solutions of alcohol (35 per cent),

potassium cyanid, acids, and many
other toxic agents. After the first molt as well as after subsequent molts,

and to a lesser extent while the molt is in progress, the tolerance of the

larvae is suddenly reversed and is replaced by a marked sensitiveness.

Distilled water is highly toxic to them and brings about their death in a

few minutes. The parasites have lost their tolerance for acid, and suc-

cumb very rapidly to very weak dilutions (999 cc. of water and i cc. of

hydrochloric acid, sp. gr. 1.19) This marked sensitiveness character-

i/iomm.

Fig. 3.

—

Trichina spiralis: Outline drawing of a

dwarf larva after the first molt outside of the

host. The beginning of the second molt is

indicated.
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izes the intestinal forms at the various stages of their development. The
effects of potassium cyanid on the intact larvae and on the molting forms

have been studied especially with a view of determining changes in the

resistance of the parasites at various stages of their life history.

These studies have yielded interesting data which the writer expects to

present in a separate paper. The poison causes a disintegration in the

tissues of the worms without influencing their general outline, due un-

doubtedly to the cuticle remaining unaffected. Moreover, the worms
exhibit a differential sensibility to the poison along the major axis, the

wave of disintegration in the intact decapsuled larvai starting at the

anterior end and proceeding posteriorly. When the head end shows a

marked paling of the protoplasm accompanied by the beginning of gran-

ular degeneration the posterior end of the worm is normal as to color and

transparency. The maturing larvae as well as the sexually ripe specimens

taken from the small intestine are not only more susceptible to potassium

cyanid and perish almost instantaneously in dilutions in which the decap-

suled larvae survive for several hours, but show a complete reversal of

axial susceptibility by being affected in the posterior end, the wave of

disintegration gradually moving toward the anterior region. In Trichi-

nella spiralis the posterior region consists largely of reproductive cells

which, as growth takes place in the small intestine, divide very rapidly

and produce thousands of germ cells. In fact, the development of the

larvae in the small intestine is essentially a sexual metamorphosis

characterized by a rapid division of the germ cells and the maturation of

the latter, accompanied by the appearance of the accessory reproductive

organs. It is rather significant that while these changes are taking place

in the larvae the axial susceptibility of the worms to such a depressing agent

as potassium cyanid should show the decided reversal described above.

In the writer's opinion these facts are a striking confirmation of the

views expressed by Child—namely, that there is a direct relation between

susceptibility to depressing influences and the degree of metabolic

activity.^

How can the sudden change in susceptibility of the worms to toxic

agents be accounted for ? In view of the fact that even the intact larvae

exhibit a differential sensibility to potassium cyanid along their major

axis, the cuticle as the all-important factor underlying the resistance of

the worms to toxic substances must be eliminated. The fact that the dis-

integration of the parasites under the influence of potassium cyanid is not

haphazard but follows a definite course is direct evidence that the disin-

tegration is a reaction between the tissues and the poison independent of

the permeability of the cuticle, and that the rate of reaction varies in

different regions of the worm. The reversal of susceptibility in the

• Child has published numerous papers dealing with this problem. His views are summarized in two
books cited in the list of references (r. a).
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intestina ' forms is a further confirmation of the view that the tissues of

the organism are not passive but take an active part in the reaction. The

increased susceptibihty of the intestinal worms to potassium cyanid is

also probably independent of the cuticle since this increased suscepti-

bility expresses itself in many other ways which are more or less independ-

ent of permeability of the membranes of the worms to substances in solu-

tion. The loss of tolerance of the intestinal worms to cold, their failure

to survive outside of the host for any length of time, their sudden disin-

tegration in salt solution, and the gradual reappearance, though to a

markedly lesser degree, of their tolerance to various conditions would

indicate that the differences in susceptibility between the intact larvae

and the rapidly developing forms are due to a complete reorganization of

the latter as a result of the resumption of differentiation and development.

The encysted larvae are quite inactive under normal conditions. They
neither increase nor decrease in size, but maintain a morphological balance

which must have its basis in a delicate adjustment between their nutri-

tive income and their outgo as a result of their processes of oxidation and

excretion. With the resumption of growth and further differentiation in

the small intestine, the physiological adjustmentbetween income and outgo

rapidly breaks down, their constructive metabolism running far ahead of

the destructive processes. This leads to an increase in size of the animal

and to a differentiation of organs not developed in the encysted larvae.

The intestinal forms in the early stages are thus characterized by a

period of rapid growth and may, therefore, be regarded as physiologically

younger than the encysted forms. Under the intestinal influences they

experience a rejuvenescence, exhibiting a high metabolism which decreases

again with age. Parallel with their aging they become more tolerant to

adverse conditions. In other words, in the intestine the lar\^ae recom-

mence a typical life cycle, marked at first by a period of rapid growth and

an extreme sensitiveness to unfavorable external conditions, and followed

by a period of relative stability and gradually by a reduction in sus-

ceptibility to adverse influences.

ATTEMPTS TO INDUCE MOLTING IN THE LARV^ ARTIFICALLY FREED
FROM THEIR CAPSULES

Trichinella spiralis is particularly remarkable in its lack of host speci-

ficity. It is capable of reaching maturity in almost any mammalian

host and is even able to develop in the intestine of birds. This adapta-

bility to a varied environment would indicate that the factors favorable

for its development are the general conditions prevailing in the intestine

of warm-blooded vertebrates, such as temperature, food, alkalinit}-, etc.

It therefore appeared to the waiter that it would not be a hopeless task to

attempt to induce the larv'se isolated from their cysts to molt on artificial

media. Thus far all efforts have proved futile, but the work is being
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continued with the hope that a medium may be found in which the larvae

will be capable of undergoing the molt that normally occurs a short time

after they reach the intestine in the usual course of events when they

are swallowed.

In looking through the literature relating to trichinosis the writer has

found but scant references to experiments on the possibility of causing the

development of the decapsuled larvae of Trichinella spiralis in vitro. Fiedler

(4) placed pieces of trichinous meat in the gut of a freshly killed rabbit.

He tied the gut at both ends and placed it in water at a temperature of 25°

to 28° R. Within five days the gut was opened but the trichinae appeared to

be unafifected. Pagenstecher (5) states that he did not succeed in causing

T. spiralis to develop by means of artificial gastric juice. This investi-

gator also placed a portion of intestine containing trichinae in a sugar

solution at body temperature for 24 hours, which resulted in the death of

the worms. Davaine (j) states that he convinced himself that trichinae

do not develop outside of the host in water or in any other medium.

Among the media tried by the writer the following may be mentioned

:

Pure blood serum (of rodents), blood serum diluted with salt solution,

pancreatin dissolved in an alkaline medium, neutral broth, alkaline broth

and various sugar broths, mixtures of pancreatin with various broths,

and contents from the small intestine mixed with salt solution. The

parasites obtained from trichinous meat by artificial digestion were

washed in salt solution and in weak alcohol in order to eliminate bacterial

decomposition of the media. The latter were inoculated with the para-

sites taken up in a sterile pipette with a little sterile salt solution and

then placed in an incubator at body temperature. The most favorable

results have been obtained with mixtures of blood serum and salt solu-

tion and with dextrose broth. In the serum and serum dilutions the

larvae lived considerably longer than when kept in physiological salt

solution at incubator temperature, exhibited marked activities, and in

one case there were indications of molting. Certain changes in structure

were noted which can not be definitely described. The cuticle at the

anterior end of the worm had entirely disappeared.

In dextrose broth the larvae were still alive and active after 24 hours

at a temperature of 38° C, and continued aUve for two days at room

temperature, whereas in plain broth and in other sugar broths, as well

as in neutral media, such as various salt solutions, they died before 24

hours had elapsed. In one case larvae kept in an alkaline pancreatin

solution we^e found to exhibit unusual acivity, including intestinal

peristalsis.

SUMMARY AND CONCLUSIONS

(i) The larvae of Trichinella spiralis do not linger in the stomach of

the host after they are freed from their capsules, but pass into the

small intestine.
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(2) The passage of the larvae through the stomach does not stimulate

them to further growth and development, and a brief sojourn in the intes-

tine is insufficient to initiate those processes which lead to sexual maturity.

(3) Larvae from the intestine that have not yet been stimulated to

further development become tightly coiled when removed from the host

and placed in a physiological salt solution, but those which have been

stimulated to development apparently lose the power of becoming

tightly coiled under similar conditions.

(4) Larvae which have been stimulated to further development in the

intestine will molt even after being removed from that organ. The
molting process may be hastened by high temperatures and suppressed

by low temperatures.

(5) Larvae which have not yet been stimulated to further development

in the small intestine can not be caused to molt by a high temperature.

(6) With the beginning of development in the small intestine the larvae

lose the power of surviving for considerable lengths of time outside of the

host. They afterward become more persistent, however, in direct propor-

tion to their increasing age.

(7) When removed from the host within 24 hours after artificial infec-

tion intestinal trichinae often undergo spontaneous disintegration which
may be due to the sudden change of environment, lack of food, or possibly

the liberation of toxic substances which affect the parasites while in an
artificial medium.

(8) Larvae which molt after removal from the host have been observed

occasionally to decrease in size. It is suggested that the dwarfed condi-

tion is possibly due to lack of food.

(9) After the first and subsequent molts the tolerance of the larvae to

various toxic agents is replaced by a marked sensitiveness to such agents

which decreases, however, with advancing age.

(10) Under the influence of potassium cyanid the worms undergo dis-

integration and exhibit susceptibility to the poison along the major axis

which in the growing forms appears to be greatest in regions where growth
takes place most rapidly.

(11) Modifications in the permeabiHty of the cuticle do not appear to

be directly responsible for the changes in susceptibility. The changes

probably result from a reorganization of the protoplasm coincident with

growth, differentiation, and age.

(12) Attempts to induce molting in the larvae which have been decap-

suled by artificial digestion and afterwards kept in vitro under various

conditions have thus far failed to yield successful results.
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EXPERIMENTS ON THE VALUE OF GREENSAND AS A
SOURCE OF POTASSIUM FOR PLANT CULTURE

By Rodney H. True, Physiologist in Charge, and Fred W. Geise, Scientific Assistant, ^1^^
Drug-Plant, Poisonous-Plant, Physiological, and Fermentation Investigations, Bureau ^f'w ^^
of Plant Industry, United States Department of Agriculture "i'jy- ^^i[

HISTORICAL INTRODUCTION "^^^hN

The practice of applying to farm lands deposits known under the

broad term "marl" has a long history both in Europe and in America.

Among those deposits occurring in the Atlantic coastal region from New
Jersey to Virginia are the so-called "greensands" which soon after the

American Revolution came into extensive use as fertilizers. These

greensands were sometimes found as relatively pure glauconite, but

perhaps oftener contained more or less abundant quantities of fossil

shells. The lime component was frequently sufficient to give to these

deposits the character of real marls.

Analyses of New Jersey greensands made by Seybert * in 1822 showed

that iron, silica, and potash are present in pure greensand. Samples of

greensand marl were found to contain in addition varying quantities of

lime, phosphates, and other constituents. The value of these deposits

as fertilizers was variously ascribed by different investigators to the

lime, the iron, and the phosphates present. Since, however, it was not

definitely determined until the early sixties that potassium is necessary

for plant growth, the presence of this element could be only suspected

to have connection with the valuable properties observed.

That great gains were seen in crops following the application of green-

sands and of greensand marls was the usual experience, and the practice

of "marling" during the quiet winter months became the rule in those

parts of New Jersey and Virginia in which the deposits were easy of

access. This practice grew to very great proportions in a number of

regions, railroads even being built in New Jersey to haul marl from pits

yielding a product of high reputation out into the adjacent country.

The digging and carting of these heavy deposits, however, was a

severe drain on labor, and when in the sixties concentrated soluble

1 Seybert, Henry, analysis op the green earth from rancocas creek, new jersey. In Mem.
Phila. Soc. Prom. Agr., v. 5, p. ai. 1826.
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fertilizers were introduced the use of these marls quickly fell off. At

the present day they are practically neglected.

DISTRIBUTION AND NATURE OF GREENSAND DEPOSITS

These deposits occur most abundantly in the Atlantic coastal plain

lying on the seaward side of the "fall line," where they are oftentimes

extensively exposed by the rivers which cut this line. The most impor-

tant greensand deposits of the eastern States extend from Navesink

Heights near Red Bank, N. J., in a southwesterly direction to a region

below the James River southeast of Richmond.

The materials vary in appearance from greenish black when the

greensand is fairly pure to a grayish color, which is determined by the

proportion of shells and sand present. Greensand (glauconite) can

usually be demonstrated as small rounded grains, black or greenish in

color, present in the earth embedding the shells as a matrix and filling

the hollows of the shells. The grains leave a green streak when rubbed

on hard paper with a knife blade.

Especially prominent in many Virginia deposits is an overlying layer

of somewhat different character, called by Edmund Ruffin "olive earth."

This material, while not a greensand deposit, must be considered prac-

tically as a part of it, since it must usually be dealt with before the

underlying greensand deposits can be reached. These olive earths

frequently contain sufficient quantities of calcium carbonate and phos-

phates to give them considerable value.

CHEMICAL COMPOSITION OF GREENSAND DEPOSITS

Typical deposits from both New Jersey and Virginia were collected

for this work and analyzed with special reference to the constituents

generally recognized as having major importance for plant growth.*

The materials used in the culture experiments reported below gave the

results seen in Table I.

' Mr. Otis F. Black, Chemical Biologist, and Mr. James W. Kelly, Chemical Technician, of this Office,

made the analyses.
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Table I.

—

Analyses of greensand deposits used in experiments

Material.

Greensand, Courtland, Hanover
County, Va

Greensand, Red Bank, Monmouth
County, N. J

Greensand marl. Red Bank, Mon-
mouth Cotmty, N. J

Greensand marl, Hanover County,
Va

Greensand marl, near Tunstall, New
Kent County, Va

Greensand marl, mixture of equal
parts of No. 4 and 5

Calcium
oxid.

Per cent.

0-33

1-75

7-45

12.50

9. 20

10.85

Phospho-
rus

pentoxid.

Per cent.

O. 16

•95

1.25

•17

•25

Sulphur
trioxid.

Per cent.

O. 27

Trace.

Absent.

•50

.26

•38

Potassium oxid.

Soluble
in dilute
hydro-
chloric
acid.

Per cent.

2.65

6.80

6. 10

1.8s

1-35

I. 60

Total
potas-
siiun
oxid

present.

Per cent.

5-76

7-63

6.77

2. 16

1.52

1.84

EXPERIMENTAL METHODS

The purpose of the experimental work reported here was to ascertain

whether these deposits are capable of serving as a useful source of potas-

sium for growing plants, and if so, how promptly the potassium becomes

available. It is shown clearly in the above analyses and in scores of

others to be found in the extensive literature that potassium is present

in greensands in considerable quantity, but earlier investigations tended

to show that it is present'in the form of a rather stable silicate the avail-

ability of which for plant uses has been called in question.^

In order to gain time and the better to control conditions of work, pot

experiments were carried out in the greenhouses of the department dur-

ing the past winter (191 7-1 8). Glazed earthen pots of the ordinary 6-

inch type were first used, but it was found that the glazing was usually

checked by many fine cracks which reached through the surface of the

glaze. The pots themselves were found to furnish soluble impurities^

among them potassium compounds, in such quantities as led to the aban-

donment of this type of container. Common porous pots, well soaked

in hot paraffin, the surplus of which was quickly drained off while still

hot, gave satisfactory results. The saucers were treated in the same way.

The purest obtainable sand was used as a solid medium. A grade

known as "crushed quartz" was found to be satisfactory when submitted

to rather searching tests.

The best chemicals were used in making up the culture solutions.

In view of the fact that the problem was expected to give results of

practical value, wheat (Triticuni aestivum) and red clover {Trifolium

pratense) were chosen as suitable test plants.

'It should always be borne in mind in considering problems of this nature that the plant's operations are

not bounded by the limits which prevail in chemical-laboratory tests, and reactions that are difficult in the

test tube are sometimes easily performed by the living plant.
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As a source for the necessary nutrient salts a formula of culture solu-

tion worked out by Shive ^ for wheat was made use of. Since no simi-

larly tested formula for clover culture was available, the same solution

was used for the clover experiments. Shive's solution (R5C2) was made
up on the following basis :

Potassium phosphate (KH2PO4) 0.0180 mole in i liter of solution.

Calcium nitrate [Ca(N03)2] 0052 mole in i liter of solution.

Magnesium sulphate (MgSO^) 0150 mole in i liter of solution.

All salts are calculated as water-free.

In this solution we should expect to have whatever mineral materials

are necessary for wheat plants in proportion and concentration found by

culture test to be most fitting.

To get a standard with which to compare the results obtained with the

marls, a series of culture solutions was made up on the basis of Shive's

solution so modified as to supply the potassium in the form of the com-

mon salts of commerce. These in very impure form have furnished a

large part of the potassium present in the commercial fertilizers of the

past and should give results up to which marls should measure if they

are to be substituted for these salts as equally satisfactory sources of

agricultural potassium.

It is well known that potassium absorption is greatest during the time

when increase in volume is the predominant feature of plant develop-

ment; hence, chiefly during the earlier stages of the life of the plants.

The experiments, therefore, were not continued to maturity, the crop

being harvested and dried for comparison after a growth period of eight

weeks from the planting of the seed.

The pots, nearly filled with sand, were well watered with the desired

culture solutions in case all constituents were soluble, and the seeds of

wheat or red clover were immediately planted. The use of a surplus of

solution was avoided in order that materials might not be washed down

into the saucers and beyond the reach of the plants.

In the case of the slowly soluble greensands the quantity of material

needed was weighed out and thoroughly mixed with the dry sand. These

mixtures were put into the pots and irrigated with culture solutions from

which all sources of potassium were omitted. It was hoped in this way
to find out whether the greensand materials could yield useful potassium

rapidly enough to permit the plants to make growth. Control cultures

in which all nutrients but potassium were present gave a measure of the

gain resulting from the presence of the salt or of the greensand. Other

controls with complete culture solutions, which would be expected to

yield the most favorable results were provided.

' SmvE, John W. A THREE-SALT NUTRIENT SOLUTION FOR PLANTS. In Amer. Jour. Bot., V. 2, no. 4,

p. 159. 1915. (p. 157-160.)

A STUDY OF PHYSIOLOGICAL BALANCE. IN NUTRIENT MEDIA. In Physiol. Researches, v. i, no. 7,

P- 327-397. IS fig- 1915-



Dec. 2, 1918 Greensand as a Source of Potassium 487

RESULTS WITH POTASSIUM SALTS

Culture solutions containing potassium, whether supplied in the

form of the common salts or as greensands or marls, were made up on

the basis of the number of pounds of potassium supplied to a volume of

soil having a surface of i acre and a depth of i foot. In the case of the

slowly soluble deposits this gives a measure of direct applicability. For

the salt solutions the relation is less usual, but is still a practicable way
of calculating concentration. The potassium content in each case was

calculated on the quantity known by analysis or formula to be present,

solubility not being con^dered.

In Table II are given data showing the growth made by Turkey Red
wheat and red clover in a series of pot sand cultures in which the potassium

demand was supplied by the common salts. The concentration of potas-

sium in each culture is given in the number of pounds applied per acre-

foot. The weights of wheat tops and red-clover tops in an air-dry con-

dition are given in other columns. The plants were harvested eight

weeks after planting (see Pi. 33).

Table II.

—

Results of the growth of wheat and red clover in quartz-sand cultures, with
potassium supplied by cotnmon soluble salts

Quartz sand plus potassium sources.
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In the control solutions, a rough idea of the growth that can be made
on the reserve potassium stored in the seeds is shown in the first line, in

which sand and a nutrient solution containing no potassium were present.

In the second line the development made in the complete Shive culture

solution gives what should be a maximum result. It is but fair to point

out that in working out this formula Shive used wheat, for which it

was the most favorable combination he obtained. It is quite possible

that red clover might prosper better in a somewhat different combination.

Since, however, no carefully worked out data, such as Shive has given

for wheat, were known for clover, it was decided to use the same solution

for both plants in the belief that this same solution would be favorable,

though perhaps not the most favorable that might be found.

As a general outstanding feature of this series it will be noted that

growth decreases as concentration increases. This seems to indicate that

the concentrations lie between the maximum and the toxic, contrasting

sharply, as will be seen, with the slowly soluble marls and greensands.

A number of cases seem to call for comment.

For both the potassium-nitrate and potassium-phosphate series it

seems likely that the minimum concentration of 88.6 pounds of potassium

per acre is the most favorable one offered for wheat, the increase in

quantity of salt being accompanied by a decreasing growth. In the case

of the clover 433.2 pounds of potassium, offered as potassium phosphate,

is a little more favorable than 88.6 pounds, indicating that neither of

these quantities is injuriously high.

It may be noted that in all nitrate cultures except the most concen-

trated the growth of the Shive control is equaled or exceeded, whereas in

no clover culture was the control quite equaled.

In the case of potassium chlorid and potassium sulphate a somewhat
different result appears. In no culture with either wheat or clover con-

taining either salt was the growth made in the Shive control equaled.

A further point of interest lies in the fact that the maximum growth of

wheat was found in higher concentrations, 866.4 pounds of potassium

in potassium chlorid and 433.2 pounds in potassium sulphate, indicating

that the most favorable concentration lies somewhere in the range here

covered and that reduced growth in the less concentrated members of

the series is not due to harmful concentration of salts. In the case of

the clover the best result with potassium chlorid is seen in the greatest

dilution, and a more favorable result still might have been gained had a

still smaller quantity of this salt been used. In the case of potassium sul-

phate the best result is seen in higher concentration, 866.4 pounds per

acre.

Since the two latter salts have a greater commercial significance in

coimection with the commercial potassium supply, it is of especial im-

portance to note the results following their use.
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It is clear that potassium nitrate is able to supply something that gives

this salt an advantage clearly not derived from the potassium content

solely. It is probable that the nitrate ion contributed a favorable action

lacking to the other potassium salts used.

As a practical means of meeting the potassium need this could hardly

be considered a practicable resource under present conditions.

RESULTS WITH GREENSANDS AND GREENSAND MARLS

A chemical study of the composition of greensand deposits shows a

wide variation not only in the materials present but likewise presents

almost every possible combination in proportions present. While potas-

sium, silica, and iron are ever-present constituents of glauconite, with it

are oftentimes found sulphates and phosphates, the latter sometimes in

considerable quantity. Calcium, usually present, is, of course, a major

constituent in the marl types.

It is obviously difficult to get a strict basis of comparison between these

complex mixtures of slowly-soluble materials and the readily-soluble

pure salts above reported. It was hoped, however, that this might be

done by supplying in the culture solutions with which the pots contain-

ing these sand and marl mixtures were watered sufficient phosphates

and sulphates to supply the necessary demand of the rather sparse

plantings made in the pots. Such necessary constituents present in

quantities sure to be sufficient to satisfy the demands of the plants would

tend to reduce or efface the influence of additional quantities of these

substances added in the marls. The only required constituent not pres-

ent in the basic culture solution would be potassium, which would of

necessity be drawn by the plants from the marls or greensand, if they

were to get them anywhere.

After deposits from several regions, chiefly from Virginia and New
Jersey, had been collected and analyzed, certain typical deposits from

both States were selected for use in these experiments. Two samples

called "greensand," because of the low lime content were selected, one

from each State. Two samples of "greensand marl," containing from

7.45 to 12.50 per cent of calcium oxid were also used, one from New
Jersey and a mixture of equal parts of two from Virginia. All are low

in phosphates and sulphates and vary widely in their potassium content.

In making up the cultures in the manner already described, the quan-

tities of marl taken cover the rates of application customary in the days

of "marling." The potassium present was calculated, not on the more

readily available portion extracted with dilute hydrochloric acid but

on the total potassium present, determined by the hydrofluoric- acid

method.^

• Hicks, William B., and Bailev. Reginald K. methods of analysis of greensand. In U. S. Geol.

Survey Bui. 660-B, p. 53. 1917.
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In Table III appear the results obtained with wheat and red clover

recorded as in Table I (see PI. 34).

Table III.

—

Results of the growth of wheat and red clover in quartz-sand cultures, with

potassium supplied by greensand and greensand marls

Quartz sand plus iwtassium sources.

Culture solution (no potassium)

.

Shive solution complete

Courtland, Va., greensand:

I ton per acre-foot

5 tons per acre-foot ....

10 tons per acre-foot. . . .

20 tons per acre-foot ....

30 tons per acre-foot ....

Total

.

Pamvmkey Valley, Va., shell marl:

I ton per acre-foot

5 tons per acre-foot

10 tons per acre-foot

20 tons per acre-foot

30 tons per acre-foot

Total

.

Control (no potassium) . .

Shive solution complete

.

Red Bank, N. J., greensand, lower layer:

I ton per acre-foot

5 tons per acre-foot

10 tons per acre-foot

20 tons per acre-foot

30 tons per acre-foot

Total

.

Red Bank, N. J., marl, upper layer:

I ton per acre-foot

5 tons per acre-foot

10 tons per acre-foot

20 tons per acre-foot

30 tons per acre-foot

Total.

Potassium in ' .^^^^ ^
pounds per . . - .'-

acre.

O. O
103-

7

433
866

1,772
2, 659

(air dry).

Gm.
o- 75
2. 09

23

14

40

3. 20

30-

5

152.5
305-0
610. o

915.0

^33
1.79
1.78

1-95
2. 12

8.97

. o
103- 7

126. 6

633-

o

1, 266. o

2, 532- o

3, 798. o

112. 3
561. o

1,123.0
2, 246. o

3. 369- o

96

1-59
1-95
2. 00
2. 27
2. 02

10.83

I. 00
I. 62

1. 96
1.89
2. 07

8.54

Red clover
tops (air

dry).

Gm.
0.43
2. 84

Dead.
Dead.

•8S
.68
24

1.77

1. 10

1-37
2. 05
I. 82

1.87

8. 21

•47
1.49

1. 10
2. 60
I. 90
I. 60
I- 52

8. 72

.82
1.36
1.87
1. 67
2. 10

82

The work reported in Table III was carried out in two series, the

Courtland greensand and Pamunkey shell marl with their controls, pre-

ceding the experiment with the two Red Bank deposits and their con-

trols. It is believed, however, that all may be compared, since the

surrounding conditions were subject to no significant variation.

It will be noted that, owing to the widely varying potassium content

of these deposits, the same tonnage applied gave widely different quanti-
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ties of potassium. These values are indicated as before in terms of

pounds of potassium per acre-foot.

On recalling the experiments with potassium-containing salts (Table

II), it will be remembered that the greatest weight of tops was usually

seen in the weaker solutions, falling off as the concentration was in-

creased. This was regarded as being due to the harmful action of the

excess salts.

Here the case is in general the opposite, the weight of tops increasing

as the quantity of marl or of greensand increases. This may be inter-

preted as being due to the increasing quantity of potassium obtained by
the plants from the greater surface of the potassium-yielding particles.

It seems probable that in all cases except in that of the Courtland green-

sand the potassium demand is fully satisfied in the cultures containing

the maximum quantity of both greensand and marl, in all three cases

the plants approaching or exceeding in growth the corresponding control

in Shive's complete solution.

It will be further noted that even where smaller doses of marl are used

(i to 5 tons per acre-foot) the yield often exceeds the result obtained

with potassium salts in their most favorable concentration. Thus the

poorest yield with Red Bank greensand (i .59 gm. of tops with an applica-

tion of I ton per acre-foot, containing 126 pounds of potassium) exceeds

the yield obtained with potassium sulphate (i .53 gm. with 433.2 pounds of

the potassium per acre-foot) , and almost equals the best yield with po-

tassium chlorid (1.65 gm. with 866.4 pounds per acre-foot).

In all cases (Courtland greensand excluded) the best results with marls

and greensands exceed the best results with potassium salts (potassium

nitrate excepted)

.

A comparison of the total growths made in each series of cultures helps

to give an idea of the value of each material in the quantities here used.

Such a summary is given in Table IV.

Table IV.

—

Total weights 0/ wheat and red clover in potassium salts and greensand marl

Material.
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While the growth made in cultures in which the potassium demand is

satisfied by greensand deposits (the poisonous Courtland greensand ex-

ceptea; ^s iiiarkedly superior to that contained in cultures containing the

commoner potassium salts (potassium nitrate excepted), it must be

remembered that in the case of the salts a majority of the cultures con-

tain an excess of salts, whereas in the marl and greensand cultures the

concentration rarely exceeds the optimum and probably still less often

attains it.

Concerning Courtland greensand, so often excepted in the above dis-

cussion, it may be said that this deposit has been found to belong to the

unusual class of so-called "poisonous marls." Since this is a very

unusual cisz and one not likely to be often encountered, it is sufficient

to say that ground limestone added at the rate of a ton or more to the

acre seems likely to render this greensand a useful fertilizer when applied

at the rate of i to 5 tons per acre.

CONCLUSIONS

It has been shown by pot experiments carried out with crushed quartz

and Shive's culture solution as a basis that greensands and greensand

marls from Virginia and New Jersey are able to supply sufficient potas-

sium to satisfy the demand of Turkey Red wheat and red clover during

the first two months of their growth. This enables them to make a greater

dry weight of tops than was seen in similar cultures in which the potassium

demand was supplied by potassium chlorid, potassium sulphate, and

potassium phosphate. The prompt availability of sufficient potassium to

meet the needs of many, perhaps most, farm crops seems to be indicated.





PLATE 33

Sand cultures with potassium salts:

A.—I, Turkey Red wheat. Potassium supplied in potassium nitrate.

1, Control in culture solution containing no potassium.

2, Control culture in complete Shive solution (R5C2).

3, Culture solution, 88.6 pounds of potassium per acre.

4, Culture solution, 433.2 pounds of potassium per acre.

5, Culture solution, 866.4 pounds of potassium per acre.

6, Culture solution, 1,772.8 pounds of potassium per acre.

7, Culture solution, 2,659.3 pounds of potassium per acre.

II, Red clover. Potassium supplied in potassium nitrate. Individual cul^

tures as above indicated.

B.— I, Turkey Red wheat. Potassium supplied in potassium chlorid. Individual

cultures as above indicated.

II, Red clover. Potassium supplied in potassium chlorid. Individual cul-

tures as above indicated.

C.— I, Turkey Red wheat. Potassium supplied in potassium sulphate.

II, Red clover. Potassium supplied in potassium sulphate. Individual

ctilttires as above indicated.
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PLATE 34

Cultures with greensand deposits:

A.—Red clover. Potassium supplied in greensand deposits from Red Bank, N. J.

I, Series with greensand marl from upper stratum.

II, Series with greensand from lower stratum.

I—I, Control culture solution containing no potassium.

I—I, Control culture. Complete Shive solution (R5C2).

[—2, Culture solution lacking potassium, plus i ton of greensand marl

per acre-foot.

I—2, Cultiu'e solution lacking potassium, plus i ton of greensand per

acre-foot.

I—3, Culture solution lacking potassium, plus 5 to^is of greensand marl

per acre-foot.

I—3, Culture solution lacking potassium, plus 5 tons of greensand per

acre-foot.

[—4, Culture solution lacking potassium, plus 10 tons of greensand

marl per acre-foot.

I—4, Culture solution lacking potassium, plus 20 tons of greensand per

acre-foot.

-5, Culture solution lacking potassium, plus 20 tons of greensand marl

per acre-foot.

[—5, Culture solution lacking potassium, plus 20 tons of greensand per

acre-foot.

[—6, Culture solution lacking potassium, plus 30 tons of greensand marl

per acre-foot.

I—6, Culture solution lacking potassium, plus 30 tons of greensand per

acre-foot.

B.—Turkey Red wheat. Potassium supplied in greensand deposits from Red
Bank, N. J. Designations of series and of individual cultures as above.

C.— I, Turkey Red wheat. Potassium supplied in greensand marl from Pa-

munkey Valley, Va.

1, Control. Culture solution containing no potassium.

2, Shive solution, complete.

3, Culture solution lacking potassium, plus i ton of greensand marl per

acre-foot.

4, Culture solution lacking potassium, plus 5 tons of greensand marl per
acre-foot.

5, Culture solution lacking potassium, plus 10 tons of greensand marl

per acre-foot.

6, Culture solution lacking potassium, plus 20 tons of greensand marl

per acre-foot.

7, Culture solution lacking potassium, plus 30 tons of greensand marl

per acre-foot.

II, Red clover. Potassium supplied in greensand marl from Pamunkey Val-

ley, Va. Designations of individual cultures as in C-I.





EFFECT OF FARM MANURE IN STIMULATING THE
YIEIvDS OF IRRIGATED FIEI.D CROPS

By C. S. ScoFiELD

Agriculturist in Charge, Western Irrigation Agriculture, Bureau of Plant Industry,
United States Department of Agriculture

LOCATION OF THE EXPERIMENTS

The experiments reported in this paper were conducted at three field

stations operated by the Bureau of Plant Industry. These stations are

all located in the northern Great Plains and fairly represent conditions

in that portion of the area lying in the eastern parts of Wyoming and
Montana and in the western parts of Nebraska and South Dakota.

The three stations are as follows: (i) The Scottsbluff Station/ located

on the North Platte Reclamation Project, north of Scottsbluff and east

of Mitchell, Nebr.
; (2) the Belle Fourche Station, located on the Belle

Fourche Reclamation Project, about 30 miles east of Belle Fourche,

near the town of Newell, S. Dak.
; (3) the Huntley Station,^ located on

the Huntley Reclamation Project about 20 miles east of Billings, near

the town of Huntley, Mont.

Each of these stations represents a large section of irrigated land, not

only that included within the limits of individual reclamation projects

but even more extended areas which are adjacent in the same drainage

basins. The climate of the whole section is essentially semiarid in char-

acter, with an average annual precipitation of about 14 inches, most of

which occurs in the spring and early summer, and with a frost-free grow-

ing season of about 125 days. The altitude of Scottsbluff is 4,000 feet,

while Belle Fourche and Huntley are both 3,000 feet above sea level.

AGRICULTURAL AND SOIL CONDITIONS OF THE REGION

The agriculture of the region is relatively new, there having been very

little crop production prior to 1890, and the present era of development

may be said to have begun about 1900. During the 30 years or more
preceding the beginning of crop production, the region was utilized

chiefly as range land for cattle and horses. In recent years, despite the

extension of dry-farming and irrigation, the use of the range lands for

live-stock production has continued, and this industry remains an impor-

tant one throughout the region.

' The work of this field station is conducted and supported cooperatively by the United States Depart-
ment of Agriculture and the Nebraska State Experiment Station.

' The work at this field station is conducted and supported cooperatively by the United States Depart-
ment of Agriculture and the Montana State Experiment Station.
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The more important crops of irrigated lands of the region are alfalfa

(Medicago saliva), cereals, including com {Zea mays), oats [Avena saliva),

wheat (Triticum aestivum), and barley (Hordeum spp.), sugar beets

(Bela vulgaris), and Irish potatoes (Solanum luberosum). On the three

reclamation projects referred to above, comprising 150,000 acres, these

crops occupy nearly 90 per cent of the land, in the following proportions:

Alfalfa, 43 per cent; cereals, 31 per cent; sugar beets, 10 per cent, and

potatoes, 3 per cent.

The soils are generally very productive, and, notwithstanding the

hazards of occasional hail storms and of the occurrence of insect pests

and plant diseases, abundant crops are produced. The North Platte

Project, which includes the Scottsbluff Station, has a light sandy soil

which takes water readily and is subject to wind erosion when left

exposed without a plant cover. The Belle Kourche soil is a heavy black

clay, very plastic when wet, becoming friable on drying, when large

shrinkage cracks are formed through which water penetrates the dry soil

rapidly. The soil at Huntley is not quite so heavy as that at Belle

Fourche, though it would be classed as a clay loam. It is very produc-

tive, except where the salt content is too high.

DESCRIPTION OF THE EXPERIMENTS

The experiments here discussed are a part of a large series of rotation

experiments conducted under irrigation at each of the three stations.

These rotation experiments were started with the crop season of 191

2

and have been continued without modification. The field plots include

X acre each. These are laid out in series which are separated by 40-foot

roads, and the plots in the series are separated by 5-foot alleys. The

plots at Scottsbluff are 132 feet long by 82.5 feet wide. Those at Belle

Fourche are 264 feet long by 41 .25 feet wide, and those at Huntley are 227

feet long by 48 feet wide.

The present paper deals only with the effect of manure on the yields

and qualities of two crops, sugar beets and potatoes, at tjie three stations

for the 6-year period 191 2 to 191 7. The results are based on five pairs of

rotations, the two members of each pair differing from each other only in

that farm manure is applied annually, at the rate of 12 tons per acre, to

one crop in one rotation, and no manure is appHed to the other rotation.

Each rotation occupies as many plots as there are years in the cycle, so

that each crop is represented each year. The crops and sequences

involved in the 10 rotations are as follows:

Rotation 20: Potatoes; sugar beets.

Rotation 21: Potatoes (manured); sugar

beets.

Rotation 22: Oats; sugar beets.

Rotation 23 : Oats; sugar beets (manured).

Rotation 24: Oats; potatoes.

Rotation 25: Oats; potatoes (mantu^ed).

Rotation 30: Potatoes; oats; sugar beets.

Rotation 31: Potatoes; oats; sugar beets

(manured).

Rotation 60: Potatoes; oats; sugar beets;

alfalfa, first year; alfalfa, second year;

alfalfa, third year.

Rotation 61: Potatoes; oats; sugar beets

(maniu-ed); alfalfa, first year; alfalfa,

second year; alfalfa, third year.
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With respect to any given plot the same crop recurs with each cycle

of the rotation. Thus in the six years since 191 2 the crops in the 2-year

rotations have been on the same plot three times, those in the 3-year

rotations have been on the same plot twice, while in the 6-year rotations

only one cycle has been completed. In the case of the 2-year and 3-year

rotations, in which manure is applied to one of the crops, this manured
crop has received each year the immediate benefit of the manure and

in addition the benefit of any residual effect that may have remained

from the earlier applications. This becomes true also in the 6-year

rotations after the completion of the first cycle.

One pair of the 2-year rotations and the pair of 3-year rotations

include both sugar beets and potatoes. In the 2-year rotation. No. 21,

the manure is applied preceding the potatoes and the beet crop that

follows gets only the second-year residual effect of the manure. Jn the

3-year rotation, the manure is applied preceding the sugar beets and

the potatoes receive the second-year residual effect. In the other

rotations the effect of the manure is noted only in respect to the crop

which immediately follows its application.

The cultural operations used with these rotations are only such as

ordinary good farming demands. So far as the rotation pairs are con-

cerned, all cultural operations are the same for both members of the pair.

The same varieties of the two crops are used in all rotations at each

station each year. The same varieties are not used at the different

stations; nor has the same variety been used for all years at each station.

For the sugar beets the seed has usually been obtained from the local

sugar factory, and for the potatoes some good locally adapted variety

has been used.

The field work of these rotation experiments has been under the

direction of the farm superintendent of each station, and under the

immediate supervision of a scientific assistant, who is charged with

performing or directing the cultural operations, the irrigation, the harvest-

ing, and taking the field notes and reporting the results each year.^

RESULTS OF THE EXPERIMENTS

IRISH POTATOES

The effect of the manure on the yield of potatoes is shown in Table I,

which gives the yields in bushels per acre for the manured plots and the

yields from plots that have had similar treatment, except for the manuring.

' The following is the personnel concerned with the field work of these rotation experiments: At Scotts-

bluff Jlr. Fritz Knorr was superintendent of the field station from 1910 to the end of 1916. Mr. James A.

Holdcn was in charge of the irrigated rotations at this station from 1912 to the end of 1916, when he suc-

ceeded Mr. Knorr as slation superintendent. Mr. David W. Jones supervised the irrigated rotations

during 1917.

At BcUefourche Mr. Beyer Aune has been superintendent of the field station since 1909. He has been

closely in touch with the irrigated rotation work, being assisted in it at diflerent times by ^Ir. John B.

Wentz, Mr. N. L. Mattice, and Mr. George T. RatlifTe.

At Huntley Mr. Dan Hansen has been superintendent of the field station since 1910. The irrigated

rotations were under the supervision of Mr. John M. Spain during 1912, Mr. John W. Knorr during 1914

and Mr. Edward G. Noble since 1915.

88093°—18 2
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In rotations 21 and 25 manure was applied each year preceding the

potato crop, while in rotation 31 the manure was applied for the sugar-

beet crop which preceded the potatoes. The annual differences in yield

between the manured and unmanured plots are also shown in the tables,

together with the mean annual yield of the crop in each rotation and the

mean of the annual differences in yield. With each of the means the

probable error is given.*

Table I.

—

Effect of manure on the yields of Irish potatoes at the Scoitsbluff, Nebr., Belle

Fourcke, S. Dak., and Huntley, Mont., field stations, igi2 to igij

[The yields, differences, and means are expressed in bushels per acre]

SCOTTSBLUFK

Rotation No.
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Table I.

—

Effect of manure on the yields of Irish potatoes at the Scottsbluff, Nebr., Belle

Fourcke, S. Dak., and Huntley, Mont., field stations, IQ12 io igiy—Continued

HUNTLEY

Rotation No.
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Tabi<E II.

—

Effect of manure on the yields of marketable Irish potatoes at the Scottsbluff,

Nebr., Belle Fourche, S. Dak., and Huntley, Mont., field stations, ipij to IQIJ, in-

clusive

IThe yields, differences, and means are expressed in bushels per acre)

SCOTTSBLUFF

Rotation No.



Dec. 2, 1918 Effect of Farm Manure on Irrigated Field Crops 499

The facts set forth in Tables I and II may be summarized separately for

each of the three stations for the five years 191 3 to 191 7, as follows:

At Scottsbluff the yield of potatoes, large and small, for the 30 plot-

years, has averaged 208 bushels per acre, with a mean annual difference

in favor of the manuring of 40±7, The yield of marketable potatoes

from the same plots has averaged 1 50 bushels per acre, with a mean annual
difference in favor of the manuring of 46 ±7. The percentage of the
total yield classed as marketable for the 30 plots is 72, while the mean
annual difference in percentage marketable in favor of the manuring is

8±i.5.

At Belle Fourche the total yield of potatoes for the 30 plot-years has
averaged 131 bushels per acre, while the mean annual difference in favor

of manuring is 34± 6.4. The yield of marketable potatoes from the same
plots has averaged 105 bushels per acre, while the mean annual difference

in favor of the manuring is 36 ±6.3. The percentage of the total yield

classed as marketable for the 30 plots is 80, while the mean annual differ-

ence in percentage marketable in favor of the manuring is 7 ±1.9.

At Huntley the total yield of potatoes for the 30 plot-years has averaged

239 bushels per acre, while the mean annual difference in favor of ma^
nuring is 26db 8.3. The yield of marketable potatoes from the same plots

has averaged 221 bushels per acre, while the mean annual difference in

favor of the n^anuring is 24 ±8.5. The percentage of the total yield

classed as marketable for the 30 plots is 92, while the mean annual differ-

ence has been negligible, being in favor of the manured plots by less than

I per cent.

SUGAR BEETS

The effect of manure on the yields of sugar beets is shown in Table III,

which gives the annual yields in tons per acre for the manured and unma-
nured plots and the annual differences in yield between the pair of plots

that have had similar treatment except for the manuring. The table

also shows the mean annual yield of the crop for each rotation for six

years and the mean of the annual differences with the probable errors of

these means obtained as indicated above in the discussion of Table I.

In the 12 comparisons shown in Table III the mean yields for the 6-

year period all show increases as a result of manuring. Some of these

increases are too small to be considered significant, but in 9 cases of the 12

the mean of the annual differences exceeds its probable error sufficiently

to be regarded as significant. Eliminating the 3 cases of rotation 21 in

1 91 2, in which the manure had not been applied, there remain 69 annual

comparisons. Of these annual comparisons 62 show increased yields,

following the application of manure and only 7 show decreased yields.

In rotation 21 the manure is applied for the potato crop, which pre-

cedes the sugar beets, so that the later crop receives only the second-year

effect of the manure. In rotations 21 and 23 manure has been applied

to the same plot three times during the 6-year period covered by the table.
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In rotation 31 manure has been applied to the same plot twice during the

period, while in rotation 61 only one cycle has been completed, and no

residual effect of previous applications of manure is to be observed.

Table III.

—

Effect of manure on the yield of sugar beets at the Scottshluff, Nebr., Belle
Fourche, S. Dak., and Huntley, Mont., field stations, igi2 to 1917, inclusive

[The yields, differences, and means are expressed in tons per acre]

SCOTTSBLUFF

Rotation No.
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Table III.

—

Effect of manure on tlie yield of sugar beets at the Scottsbluff, Nebr., Belle

Fourche, S. Dak., and Huntley, Mont., field stations, igi2 to IQIJ, inclusive—Con.
HUNTLEY

Rotation No.
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combined weight of beets and tops for 46 plot-years is 26 per cent, with

a mean annual difference in favor of the manuring of 2.7 ±0.6.

At Belle Fourche the yield of beets for 46 plot-years averaged 10.7

tons per acre, with a mean annual difference in favor of the manuring

of 1.9 ±0.36. The size of beets from the same plots averaged 0.84

pound, with a mean annual difference in favor of the manuring of

0.08 ±0.035. The percentage of sugar in the beets, omitting 191 2,

averaged for 40 plot-years 19.6 per cent, with the mean annual difference

in favor of the manured plots of 0.3 ± 0.22. The record of the percentage

of tops is incomplete.

At Huntley the yield of beets for 46 plot-years averaged 11.3 tons

per acre, with the mean annual difference in favor of the manuring of

2.6 ±0.33. The notes as to size of beets, percentage of sugar, and per-

centage of tops were not taken for 191 2. The size of beets for 40

plot-years averaged 0.92 pound, with the mean annual difference in

favor of manuring of 0.21 ±0.034. The percentage of sugar in the

beets averaged 16.8 per cent, with a mean annual difference in favor of

the manuring of 0.16 ±0.17, which is negligible.

The proportion of the weight of tops to the combined weight of beets

and tops averaged 32 per cent, with a mean annual difference in favor

of the manuring of 3.2 ± 1.12.

SUMMARY

The effect of manure on the yields of Irish potatoes and sugar beets

under irrigation has been tested for six years in seven rotations at each

of three different stations in the northern Great Plains. Comparison>is

made between the yields of these crops when grown in rotations without

manure and when grown in the same sequence in other rotations in

which manure is applied at the rate of 12 tons per acre otice during the

cycle of the rotation.

At Scottsbluff, Nebr., the effect of the manure has been to increase

the yield of potatoes about 40 bushels per acre, to increase the propor-

tion of marketable potatoes about 8 per cent, and to increase the yield

of sugar beets 4.3 tons per acre without materially affecting the sugar

content of the beets.

At Belle Fourche, S. Dak,, the effect of the manure has been to increase

the yield of potatoes about 34 bushels per acre, to increase the proportion

of marketable potatoes about 7 per cent, and to increase the yield of

sugar beets 1.9 tons per acre without materially affecting the sugar

content of the beets.

At Huntley, Mont., the effect of the manure has been to increase the

yield of potatoes about 26 bushels per acre without influencing mate-

rially the proportion of marketable potatoes, and to increase the yield
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of sugar beets 2.6 tons per acre without materially affecting the sugar

content of the beets.

In five of the seven rotations considered the increased yields were

from the crop immediately following the application of the manure.

In the other two rotations the yields Wicre from crops produced the second

season after the manure was applied. The increases in yield shown in

these two cases, as well as the effects observed with other crops grown
in these rotations, show that the benefit of the manure is appreciable for

two years or more after it was applied.





RELATION OF INORGANIC SOIL COLLOIDS TO
PLOWSOLE IN CITRUS GROVES IN SOUTHERN
CALIFORNIA

By Charles A Jensen

Assistant in Plant Malnutrition, Biophysical Investigations, Bureau of Plant Industry,

United States Department of Agriculture

The term "plowsole" as here used refers to the hard layer of soil

artificially formed in Citrus groves in southern California when the soil

is intensively cultivated during the irrigation season. Its upper limit

is the lower limit of the soil mulch established by cultivation, and it has

been found to vary in thickness from a few inches to 2 feet, though usu-

ally it does not extend below the first 18 inches of the soil. The hard-

ness of the plowsole varies from a perceptible crust to a layer difficult

to penetrate with a shovel. Immediately after irrigation it is usually

soft, and is then easily broken; as the soil dries, the plowsole layer hardens

again.

If soil from groves, or from the surrounding native desert areas, is put
into pots in the laboratory, irrigated, and the surface layer stirred to

form a soil mulch, a hard crust will be formed under the mulch by the time

all the soil is dry. The soil just below the crust usually retains a crumbly

structure, and does not harden. This plowsole occurs as the result of a

single irrigation followed by a few surface cultivations. It thus appears

that the packing caused by teams and implements is not necessary for

its formation.

Plowsole has been found to occur in all soil types investigated in the

Riverside, Redlands, and Corona areas. Coarse granitic soils, as well as

the heavier clay loam soils, are subject to plowsole formation. It has

not, however, been observed to form under the trees where the soil has not

been cultivated, especially when an organic mulch has been maintained;

nor has it been found in basins mulched with organic matter. When
the organic mulch is not maintained, the immediate surface soil crusts;

but the crust is formed simply by the drying out of the surface soil.

In many groves the fibrous Citrus roots do not readily penetrate the

plowsole, though roots are often found in the hard layer. It appears

that in such cases of penetration the roots are formed during the rainy

season when the plowsole is soft and maintained in a moist condition.

Betweer^ irrigations in the summer time the upper part of the plowsole

itself dries out below the moisture content necessary to maintain root

growth.
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In other groves it was found that the fibrous roots grew freely into the

uncultivated surface soil under the trees, but not at all into the plowsole

layer formed in the area frequently cultivated.

In addition to checking the root growth and limiting the soil layer

available for the root development of the shallow-rooted Citrus trees, the

plowsole seriously checks the penetration of the irrigation water.

The condition may be temporarily relieved by breaking up the plow-

sole layer with a subsoiler, but the plowsole forms again when cultiva-

tion is resumed. The best remedy against the formation of plowsole

seems to be a surface organic mulch, with no cultivation during the

irrigation season beyond that necessary to keep weeds under control.

The present report deals with some of the properties of plowsole as

found in citrus groves or formed artificially in the laboratory. The

work was done in Riverside, Cal., on soil samples from that area.

COMPOSITION OF WATER EXTRACT OF PLOWSOLE

Soil samples were collected from eight orange groves in which plow-

sole occurred. Samples at three different depths were collected, includ-

ing (i) the soil mulch, usually 3 to 5 inches deep; (2) the plowsole crust;

(3) the subsoil under the plowsole.

Each sample was rolled, passed throgh a 2-mm. sieve, extracted with

distilled water in the ratio of i part of soil to 2 parts of water, and the

extract analyzed. The water extracts of the soil samples from four of

the groves were filtered through Chamberland porous filter tubes, and the

water extracts of the samples from the other four groves were filtered

through filter paper.

Table I shows the average amounts, in parts per million on the basis

of dry soil, of iron, calcium, magnesium, and silica found in the respective

soil layers. Each figure is the average in samples from four groves.

The elements determined are those usually considered to have a

cementing action in soil, and with one exception there was evidently no

accumulation of these in the plowsole. Mineral carbonates were present

in the soils included in these analyses only in traces or very small amounts.

The comparatively large amount of iron in the water extracts of the

plowsole filtered through filter paper is due to one exceptionally high

determination—viz, 9 p. p. m. The average amount of iron in this

layer in the three other groves was 1.07 p. p. m., and this amount evi-

dently more nearly represents the true condition in respect to iron. In

the large number of iron determinations made in water extrac^ of soils

in the area considered, the highest amount found was 2.7 p. p. m., except-

ing the one mentioned above. The average amounts of iron in eight

other water extracts of soil mulch, plowsole, and subsoil were, respec-

tively, 0.88, 0.58, 0.87 p. p. m. on the dry soil. It would therefore seem

that 1.07 p. p. m. of iron in the plowsole is a more reliable figure than

3.05 parts, as shown in Table I, when the water extracts were filtered
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through filter paper. Unfortunately these soil samples were discarded

before this apparent error was detected, the analytical work having

been done in May, 191 6, and the results not having been carefully tabu-

lated and compared until April, 191 7, owing to other work.

Table I.

—

Analysis of water extracts of soil mulch, plowsole, and subsoil from orange
groves. Average offour groves

[Results reduced to basis of dry soil and expressed as p. p. m.J
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Table II.

—

Analysis of humus extracts of soil mulch, plowsole, and subsoilfrom orange
groves. Average percentage of eight groves
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ammonia extract, and that practically all the iron was present in that

form. It would also appear that practically all the silica and aluminium

in the plowsole layer were colloidal.

Fraps (4)^ used ammonium carbonate to precipitate the inorganic soil

colloids from ammoniacal solutions. It was found in this work that a

little more inorganic material was obtained by precipitating the extract

successively with nitric acid and ammonium carbonate. The acid car-

ried down practically all the organic matter as well, as judged by color.

The following experiment shows the results obtained by precipitating

the colloids from ammonia extracts of a soil, with nitric acid and am-
monium carbonate as precipitants. Two 150-cc. portions of a composite

ammonia humus solution were treated separately with nitric acid and

ammonium carbonate. The filtrate from the acid-treated extract was
then treated with ammonium carbonate, and the filtrate from the car-

bonate-treated extract was treated with nitric acid. Each separate

precipitate was ignited and weighed. The results obtained are given in

Table IV.

Table IV.

—

Comparison of efficiency of nitric acid and ammonium carbonate in pre-

cipitating inorganic colloidsfrom, ammonia extracts of soil

First precipitant.
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The organic and inorganic colloidal material in these humus extracts

evidently moves with the electric current, as the following experiment

shows

:

Two tubes were connected together with rubber tubing into the form

of a U-tube, and filled with humus extract. Electrodes from a battery

of six new dry cells connected in series were inserted into the tops of the

U-tube touching the extract, and left undisturbed for seven days. The
liquid in the two tubes was then separated by closing the rubber-tube

connection. A colorimetric humus reading was made of the liquid in

each tube. The inorganic colloids were precipitated with nitric acid

and ammonium carbonate, ignited and weighed. Table V gives the

results obtained.

Table V.

—

Inorganic colloids and humu? in humus extracts of soil in positive and
negative sides of the U-tube

Electric charge in U-tube.

Positive. .

Negative

.

Percentage
of inorganic
colloids in
solution.

O. 0380
.0230

Percentage
of humus in
solution.

o. 0625
.0500

In the preceding discussion it has been shown that there is evidently

no accumulation of water-soluble iron, calcium, magnesium, or silica in

the plowsole layers that could account for its formation; that the total

ammonia-soluble silica, iron, aluminium, or phosphoric acid could not

account for the formation of the plowsole; and that there was accumu-

lation of ammonia-soluble colloidal silica, iron, and aluminium, in the

plowsole, but not of colloidal phosphoric acid.

The last-mentioned fact indicated the desirability of making a direct

study of the inorganic colloidal material in the soil.^

The term "colloid suspension" will be used frequently in what follows,

and for the purpose of clearness it will be used to mean simply the

inorganic material of a soil remaining in suspension at the end of 24

hours after the soil has been treated in a certain manner.

The following conventional method was adopted for determining the

percentage of colloid suspension in the soils. Five gms. of soil were

placed in a 250-cc. Erlenmeyer flask, 50 cc. of distilled water was added,

the flask covered with a watch gfass and placed on the water bath. The

contents were shaken periodically, and after i }4 hours the suspended

material' was decanted into a test tube about 3 cm. in diameter and 25

' A discussion of the general properties of colloids will not be entered into here . Whether colloids are

classified according to size, chemical constitution, or method of preparation will have but little bearing

on the nature of the present work. Excellent discussions on colloids are given by Ostwald (OsTWAiD,

Wolfgang. HANDBOOK OF coiLOiD-CHEMisTRY, . . . Trans. from 3d German ed. 278 p., 60 fig.

Philadelphia); and by Burton (Burton, E. F. physicax properties of colloidai, solutions, zoo p..

18 fig. London, New York), not to mention many other earlier workers in the field.
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cm. high. Another portion of 50 cc. of distilled water was added to the

soil remaining in the flask, and the former treatment repeated. The

same treatment was repeated a third time, and on the third decantation

all the soil was washed into the test tube. The tube finally contained

about 180 cc. and was left undisturbed for 24 hours. The suspended

material was then carefully siphoned off and precipitated with neutral

ammonium sulphate. The precipitation was hastened by warming.

The precipitate was filtered, ignited, and weighed as the percentage of

" colloid suspension."

Duplicate determinations were made, and the departure varied from

nothing to a maximum of about 5.5 per cent. When the departure did not

exceed 3.5 per cent the results were used. When the error was greater,

duplicate determinations were again made.

It was found to be more difficult to obtain two uniform duplicate 5-gm.

soil samples than to make good duplicate determinations on a very uni-

form sample of soil " colloid" used for experimental purposes. "To insure

better duplicate sampling for colloid determinations, the soil as taken

from the groves was rolled and sifted through a 2-mm. sieve.

It is realized that this method of measuring the colloidal content of

soils does not show the absolute amount of colloid in a soil. The colloidal

content by this method is necessarily affected by tie amount and charac-

ter of the electrolytes going into solution. The purpose of the measure-

ments was not to get a measurement of the absolute colloidal content,

but to study the relative colloidal content in the three layers of soil in

plowsole groves. Ashley (7) measured the colloid matter in clay by the

absorption of dyes in the study of the plasticity of clay. His work has a

special bearing on the ceramic industries. This method does not appear

applicable to the present work, since it is probable that not only the col-

loid matter remaining in suspension after 24 hours, but the colloidal mat-

ter not remaining in suspension as well would absorb dyes; and so in all

likelihood would the organic matter in the soil, which wa,s found to bear

no relation to the percentage of inorganic colloid suspension in the soil.

The purpose of the present study was to obtain a measurement of the

colloid matter that was free to move with the soil moisture, as it seemed

to do.

That the method of determining the colloid suspension as above de-

scribed is entirely conventional is shown by the iollowing experiment.

Five-gm. soil samples from a composite sample were put into Erlenmeyer

flasks, distilled water was added, and the flasks were placed on the bath.

The total amount of water used and the total time of the sample on the

bath were the same for each determination. In each case, also, the sus-

pended matter as transferred to the test tubes stood 24 hours before

being siphoned off. The variable factor was the numbei* of decantations

and consequently the amount of water used for each. Table VI gives

the results of the determinations and the condition of each test.

88093°—18 3
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"Table VI.

—

Itiorganic colloid suspension in soil as influenced by successive decantations

with small amounts of distilled water and by single decantation with larger amounts of
water, total time on water bath being the same in all cases

Number of decantations.
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waters used in the area here under consideration carry more bicarbonates

than sulphates (j).

As a whole the deflocculating salts predominate over the flocculating

salts in the cases examined by the Office of Biophysical Investigations

in Citrus groves in southern California. Hence, so far as the readily

soluble soil salts are concerned, the tendency would be for the inorganic

colloid matter to be carried down into the soil by irrigation water and

rains. As a surface soil mulch is established in most cases as soon as

possible, the colloid matter would naturally tend to remain below this

layer.

After the winter rains it was found that the amount of electrolytes in

the plowsole layer exceeded that in the soil surface by about 60 per

cent, as determined by conductivity measurements. The accumula-

tion of soluble salts in the plowsole layer would probably tend to pre-

cipitate the colloids, and the denser physical structure of this layer

would act as a filter.

No relation could be established between the percentage of colloid

suspension and the percentage of humus or organic carbon in the soil.

The addition of organic matter to soil, however, was found to influence

the inorganic colloid state in the soil. Various organic substances were

added to soils from orange groves, and the treated soils put into flower-

pots in the laboratory. These were irrigated intermittently for a period

of over one year. The soils were then taken out, rolled, sifted through

a 2-mm. sieve, and subjected to inorganic colloid-suspension determina-

tions. Table VII gives the results obtained.

Table VII.—Effect of the addition of organic matter to soils on the amount of inorganic

colloid suspension. Organic matter in contact with the soils for more than a year
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bility of the soil minerals (5). The nature of the compounds thus pro-

duced has not been investigated, nor has the effect of the by-products

of the decomposition on the inorganic colloid matter of the soil.

The addition of i per cent of organic matter represents approximately

10 tons dry matter per acre 6 inches. This is probably more than is

usually applied per acre, at any one time in commercial citriculture in

southern California. The improvement in the physical condition of the

soil by the addition of organic matter in the customary amounts would

thus hardly seem to be due to any marked changes in the state of the

inorganic colloid matter of the soil but rather to the mechanical separa-

tion of the soil aggregates.

Soil from the same groves represented in Table VII was treated with

certain organic and inorganic substances, put into pots in the laboratory

The soils were irrigated intermittently for over a year. The soils were

then rolled, passed through a 2-mm. sieve, and subjected to inorganic

colloid determinations. Table VIII gives the results obtained.

Table VIII.

—

Effect of the addition of certain organic and inorganic substances to soils

on the amount of inorganic colloid suspension. Substances in contact with the soilsfor

more than a year
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matter also counteracted the deflocculating efiFect of the nitrate. The

barley was more effective in these respects than the other organic sub-

stances. Organic matter showed p,o consistent effect on the flocculating

effect of sulphur and gypsum. In the sandy-loam soil it is apparent

that the addition of lime to the organic matter had but little effect in

decreasing the inorganic colloid matter.

The action of the sulphur in flocculating the colloid matter is probably

due to the formation of sulphates, wliich are good colloid precipitants.

Groves that had been in cultivation many years contained a much

greater percentage of colloid suspension than the corresponding native-

soil type adjoining.

The composition of the colloid suspension obtained from soils differ-

ently treated was partially investigated. The colloid was obtained as

previously described, precipitated, ignited, weighed, and fused with

anhydrous sodium carbonate in platinum crucibles. The resulting cake

was taken up with distilled water and partially analyzed.

The soils used in these determinations had been treated as shown in

Table IX, put into flowerpots, and irrigated and cultivated intermit-

tently for over a year before these determinations were made.

Table IX.

—

Partial analysis of whole soil and of inorganic colloid suspension obtained

from same soil receiving certain organic and inorganic treatments. Clay-loam soilfrom,

near Riverside, Cal., of granitic origin

Soil treatment.
Colloid
in soil.

silicon
dioxid.

Ferric
ox id.

Alumi-
num
oxid.

Cal-
cium
oxid.

Manga-
nous
oxid.

Phos-
phorus
pen-
toxid.

Untreated

3 per cent of manure

3 per cent of manure -f- 3 per cent of

calcium carbonate

3 per cent of manure -f- .2 per cent
of sulphur

3 per cent of manure -|- .2 per cent of

sodium nitrate

3 per cent of manure -f- 1.8 per cent of
iron sulphate

3 per cent of manure -\- 3 per cent of

calcium sulphate
Whole soil

Percent.

682

643

439

578

737

375

244

Percent.

52

Percent.

12. 7

12.3

12. 6

13-7

11. 8

12. 7

10. O

4-7

Percent.

27. I

27. 2

27. o

25-5

27.8

27.9

26. o

17-3

Percent.

1-3
1.6

2.7

2.8

2.9

3-6

6.2

3-5

Percent.

1.4
I. 2

1.9

1-5

1-3

2-5

3-0
0.6

Percent.

O. 24
•31

.19

.64

•50

.48

.62

Table IX shows the results of the partial analysis of the whole soil and

of the colloid suspensions. Two evaporations were made in the sihca

determinations, but the silica residue was not purified with hydrofluoric

acid. In this connection it may be stated that the fused cake, when

taken up with water, never contained any visible undissolved residue.

The composition of the colloid suspensions from the differently treated

soils does not vary enough to indicate any fundamental differences due

to the soil treatments, except when gypsum was added. All other
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analyses made of colloid suspensions not here included agree in showing

lower iron and higher silica, calcium, and manganese in this colloid

suspension than in the other suspensions. The variation in the composi-

tion of the other colloid suspensions is probably due to anal3'^tical errors.

The low silica obtained on the colloid from the nitrate-treated soil is

probably an analytical error, as other determinations on colloid from

similarly treated soil gave about the same percentage of silica as obtained

on the other colloids.

Fraps {4) found that the ammonia-soluble inorganic soil colloids varied

in composition with the percentage of colloids in the soil. The percentage

of silica decreased and the percentage of aluminium increased with in-

creasing percentages of total colloid, in soils of different character and

from dififerent localities.

There is a marked difference between the composition of the whole

untreated soil and of the inorganic colloid suspensions obtained from it.

Aside from the difference in the silica, the differences in the iron and

aluminium are evidently significant, especially in the light of determin-

ations made on a soil of different physical and mechanical properties.

A heavy adobe soil from near Whittier, Cal., was treated with different

inorganic substances. Determinations of inorganic colloid suspension

were made, and the colloid partially analyzed. Table X gives the results

obtained.

Tabids X.

—

Partial analysis of whole soil, and of inorganic colloid suspensions obtained

from the same soil after having received different inorganic treatments. Heavy adobe

soil, near Whitney, Cal.

Soil treatment.
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adobe soil. The Riverside soil is very prone to form plowsole, more so

than the Whittier soil. This may be due to the higher content of iron

and aluminium in the inorganic colloid suspension.

Stewart (7) suggests that the plasticity of clay is due to the presence of

organic aluminium compounds. The chemical association of aluminium

with organic substances in the colloid suspensions here studied has not

been examined.
' SUMMARY

A hard soil layer, here termed "plowsole," usually forms immediately

under the soil mulch in cultivated Citrus groves in southern California.

It often seriously limits the root system of the shallow-rooted Citrus

trees, and seriously interferes with penetration of irrigation water. After

being broken up with a subsoiler, it reforms when cultivation is resumed.

It does not form in mulched basins, nor seriously in groves surface

mulched with organic matter and seldom cultivated.

Mechanical packing is not necessary for its formation, and it forms in

all soil types examined in the area studied.

No greater accumulation of water-soluble iron, calcium, magnesium,

or silica was found in the plowsole than in the soil mulch or subsoil.

No greater accumulation of total ammonia-soluble silica, iron, alu-

minium, or phosphoric acid was found in the plowsole than in the soil

mulch or subsoil, after the calcium had been removed with hydrochloric

acid.

The humus extract of plowsole contained more colloidal silica, iron,

and aluminium than either the soil mulch or subsoil, but no more colloidal

phosphoric acid.

Both the organic and inorganic colloidal material in the humus extract

moved toward the positive pole in an electric current.

A conventional method for the determination of inorganic "colloid

suspension" is given.

Plowsole contained a markedly higher percentage of inorganic colloid

suspension than the soil mulch, and usually a higher percentage than the

subsoil.

When soils were placed in pots in the laboratory, irrigated, and allowed

to dry, the percentage of colloid suspension was found to be appreciably

greater in the surface soil layer than in the subsurface layer, indicating

that the colloids moved with the capillary soil moisture.

No relation could be observed between the percentage of inoragnic

colloid suspension and the percentage of organic carbon or humus in

the soil.

Native uncultivated soils contained appreciably less colloid suspension

than did similar soils which had been under cultivation for a number of

years.
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The decomposition of i per cent organic matter in soil had no marked

effect on the percentage of inorganic colloid suspension; 3 per cent

organic matter in some cases decreased the per cent of colloids. Barley

decreased the amount of colloid suspension more than did alfalfa or

manure.

The addition of ground lime rock appreciably decreased the percentage

of inorganic colloid suspension in the soil when no organic matter was

added. When organic matter was added, the flocculating effect of lime

was appreciably diminished, especially in clay loam soil.

The addition of powdered sulphur and gypsum to soil markedly de-

creased the colloid content, and organic matter had no appreciable effect

in counteracting the flocculating effect of these substances.

The addition of sodium nitrate to soil markedly increased the colloid

content, and the addition of organic matter appreciably decreased the

deflocculating effect of this compound.

The addition of lime, sulphur, sodium nitrate, iron sulphate, ammo-

nium sulphate, and organic matter to soils did not fundamentally change

the composition of the inorganic colloid suspension obtained from the soil.

The addition of gypsum to soil increased the percentage of silica, cal-

cium and manganese, and decreased the percentage of iron in the colloid

suspension.

The inorganic colloid suspension contained an appreciably higher per-

centage of iron, aluminium, and manganese than the untreated soil.

In soils which readily form plowsole the percentage of silica in the col-

loid suspension was also appreciably higher than in the untreated soil.

The percentage of iron and aluminium in colloid suspensions from soils

which readily form hard plowsole was higher than in colloid suspensions

from soils which do not form a hard plowsole.

The percentage of iron and aluminium in the colloid suspension from

a soil was found to be directly correlated with the readiness with which

the soil formed plowsole.
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INTRODUCTION

Because of the high cost of seed and the slow growth and delicate

character of seedlings during the first few weeks after germination losses

caused by the disease known as damping-off have been an important

factor in the propagation of conifers. The fact that a number of damping-

off parasites are able to cause practically identical symptoms, and the

further fact that certain physical factors sometimes cause injury resem-

bling damping-off, has made a study desirable, both of damping-off and

of the other diseases which may attack seedlings of the same age. The

present paper will consider all the diseases which the writers have founcj

attacking seedlings up to the age of approximately two months.

DAMPING-OFF

Damping-off is the most serious of the diseases attacking coniferous

nursery stock in most regions. There is considerable literature on the

disease both in connection with conifers and with truck crops. The

most important work in relation to conifers is summarized by Spaulding

{26)? Both etiology and control are, nevertheless, seriously in need of

further investigation, because of the complications arising from the

multiplicity of hosts and parasites involved and from the soil-inhabiting

tendency of several of the parasites. A summary of the available data

on control has been recently published (16).

TYPES OF DAMPING-OFF IN NURSERIES

The old conception of damping-off seems to have been the death of

seedlings as the result of the attack of a parasitic fungus at the soil

surface, causing a local constriction of the stem at that point, followed

by the fall and wilting of the seedling. It appears that several parasites

1 The writers wish to acknowledge the assistance of Mr. R. G. Pierce, Mr. Glenn G. Hahn,

Mr. S. C. Bruner, Mr. Percy W. Scay, Mr. and Mrs. H. E. Watkins, Mrs. J. G. LiU, and Mrs. S. F. Acree,

in connection with parts of the isolation and inoculation work here reported.

2 Reference is made by number (italic) to "Literature cited," pp. ss&-ss8.
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may attack seedlings in this manner, but that they also very frequently

attack the seedlings in other ways, while the cases which most closely

agree with the older descriptions of damping-off are often not caused by
parasites, and may occur under hot, dry conditions. The term "damp-
ing-off" as here used will include all cases of the death and early decay

of seedlings less than 2 months old, resulting primarily from fungus

invasion. Consideration of the disease as thus limited will therefore

involve the discussion both of the work of several different parasites and

of several symptomatic types. Many of these types intergrade to such

an extent that there is no possibility of giving them separate treatment

as distinct diseases. The different types recognized are described in the

following paragraphs.

NORMAIv DAMPING-OFF

Normal damping-off is caused by Pyihium debaryanum, Fusarium

ftioniliforme, F. ventricosum, Corticium vagum (the common American

Rhizoctonia) , and several other fungi. The still succulent seedlings are

invaded by the parasites at any point on the root or lower part of the

stem, ordinarily a short distance below the ground surface. The para-

sites spread rapidly, especially through the root tissues, and the seedlings

fall over. The fall of the seedlings is not usually due to stoppage of water

supply and consequent wilting; it most commonly occurs when the

tissues of the hypocotyl just above the soil surface become involved in

the decay, and while the rest of the stem is still green and turgid. This

type of disease is shown in Plate B, figure i. It may be fairly well con-

trolled by soil disinfection.

GERMINATION tOSS

This type of damping-off seems in most cases to be caused by species

of Pythium and Corticium rather than by Fusarium. The radicles are

killed soon after emerging from the seed coats and before the seedlings

appear above the ground. Two-thirds of the seedlings are sometimes

destroyed in this way in nursery beds. There is no essential difference

between this type and the normal type, except that this type occurs

earlier in the life of the seedling and is ordinarily not detected. A poor

initial stand of seedlings due to this type of damping-off is commonly
attributed by the nurseryman not to damping-off but to poor germina-

tive capacity of the seed. This early type of damping-off, like the

normal type, is invariably fatal. It can be much more completely pre-

vented by soil disinfection than can the more familiar normal type.

It is often stated by practical men that seedlings from seed with low

germination percentage are especially liable to attack by damping-off

fungi. This is very likely true within certain limits. However, in a

great many cases in which apparently poor germination has been fol-

lowed by especially heavy damping-off losses, the sequence is to be
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attributed not at all to poor seed, but rather to abundant early infection

of beds with species of Pythium or Corticium, causing both the appar-

ently poor germination and the high damping-off loss.

LATE DAMPING-OFF

The term "late damping-off" is used for the damping-off as a result of

root infections of seedlings several weeks old whose stems have developed

strong supporting tissues.

The parasites which cause normal damping-off are also probably

responsible for most cases of this type. Like germination loss, it differs

from the normal type only by the age of the seedlings concerned. How-
ever, the symptoms of late damping-off are very different from those of

the normal type; the seedlings remain erect, dry up and turn brown,

and in some cases even shed their leaves before the stem finally falls over

(PI. B, fig. 6), This type is very likely to be confused with drouth

injury.

The death of seedlings due to root killing by damping-off parasites in

rare cases continues throughout the season, and probably even into the

second year in cases where development of the host species has been

especially slow. This appeared to be the case with Engelmaim spruce

(Picea engelmanni) at a mountain nursery in New Mexico. All such

death, up to the rather arbitrary age of two months, is classed by the

writers as damping-off, while similar death of still older stock is classed

as rootrot. This time limit is justified only by convenience. The
damping-off parasites do practically all of their damage at most nur-

series before the seedlings are 2 months old. Their work up to that

time is fairly easy to detect and distinguish from disease due to other

causes, because of the localization of most of the affected plants on the

margins of the old damping-off patches of normal type. Furthermore,

the soil treatments which control the normal type of damping-off are also

useful, at some places at least, in lessening damage from the late type

of disease. It is therefore easiest to consider all the trouble during the

first two months as damping-off, without tr3nng to mark any of the

interm.ediate stages as distinct diseases.

The death of stock over 2 months old, on the other hand, will require

both different investigative methods and, very likely, different types of

control measures. Although sometimes caused by damping-off organ-

isms, there seems to be no practical advantage in considering it at the

same time as damping-off.

The impression prevalent in some places that damping-off organisms

always infect at the soil surface is shown to be especially incorrect in the

case of this late type of damping-off. In one case the root of a young
seedling of western yellow pine (Pinus ponderosa), growing rapidly in

sandy soil at the outer margin of a damping-off patch, was found to

have been attacked at a point 1 1 inches below the soil surface. Not all
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the seedlings affected by late damping-off are killed by the parasites.

Many of them, as in the case of the "root-sick" sugar-beet seedlings

described by Edson (7), have only the youngest portions of their roots

killed, and are able then to resist further attack, and so recover. Pine

seedlings on the margins of damped-off areas can be found at the age of

6 to 7 weeks, with more than half of their root systems decayed, but

with the older parts of the root intact and with vigorous laterals starting

from the terminal of the healthy portion. That such seedlings are

capable of recovery was demonstrated by replanting a number of badly

injured specimens of Corsican pine (Pimis nigra poiretianaY and observ-

ing their growth during the subsequent weeks.

Pines affected with the late type of damping-oft' show no external

evidence of disease until they are practically dead. Infected seedlings

which recover do not, like the root-sick sugar beets described by Edson,

exhibit noticeably arrested growth and a flabby appearance of the tops.

DAMPING-OFF OF TOPS

A type of damping-off involving parts of the cotyledons or the upper

stem, while the lower stem and root remain sound until after the death

of the parts above, is fairly common under moist atmospheric condi-

tions, as in greenhouses, although seldom as prevalent in open seed beds

as the normal type of damping-off in which the root or the stem at the

ground line is first attacked. Infections are believed in the main to be

due to Fusarium. Under extremely moist conditions the mycelium

may spread directly to the other seedlings whose cotyledons touch the

diseased plant. Soil disinfection is, as would be expected, of relatively

little value in preventing this disease of the tops. Avoidance of exces-

sive atmospheric humidity appears especially important for control of

this type.

A special case of damping-off of tops of seedlings is found in cases

in which the tips of all the cotyledons are simultaneously killed. This

at first suggests insufficient water supply as the cause, but examina-

tion of younger seedlings shows it to be parasitic. Infection occurs in

such cases while all the tips are still inclosed in the persistent seed coat.

This type of damping-off is thought to be caused most commonly by

species of Eusarium, but it has been observed in pots whose soil had

been inoculated with Corticium vagum, though absent in parallel control

pots. It is also possible that Pytliium debaryanum may be a cause of

this type, as there is abundant opportunity for infection to occur before

the tips of the cotyledons and the seed coat they carry are released from

the soil. Soil disinfection has apparently decreased losses from this type

of damping-off.

1 The nomenclature used in this paper for foreign trees follows Bailey, L. H. standard cyclopedia

OP HORTICULTURE. New York, 1916; and for native trees follows George B. Sudworth in various

publications of the Forest Service, United States Department of Agriculture.
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Both these types of damping-off of tops commonly kill the affected

seedlings, but not always. Stem infections regularly cause death, but

lesions originating in the cotyledons are often arrested before they

progress far enough to kill the growing point in the center of the whorl

of cotyledons.
BLACKTOP

This type of damping-off known as black top is simply a special case

of the preceding from which it is distinguished by the dark color of

the tissues decayed. It is illustrated in Plate B, figures 2 and 3. Infec-

tion takes place at any point on the stem or cotyledons of very young

seedlings. Both infection and the extension of the lesion seem to

depend on special weather conditions. There is reason to believe that

a species of Trichoderma is the direct cause. This type of damping-oft'

is seldom sufficiently prevalent to be of importance. Soil disinfection

with acid is apparently ineffective in preventing blacktop damping-off.

DECAY OF DORMANT SEED

It is undoubtedly true that dormant seed are sometimes killed by micro-

organisms. Under ordinary seed-bed conditions, species of Pythium

and Corticium probably kill some coniferous seed before the coats are

split, although this has yet to be demonstrated. It is also considered

probable that under certain conditions considerable quantities of seed

are destroyed by ordinarily saprophytic molds, which possibly reverse

the usual action of the damping-off parasites by attacking the cotyledons

before the embryonic radicle is invaded. Seed of jack pine (Pinus

hanksiana) shipped moist in a tin container has been found seriously

molded with a species of Penicillium fruiting vigorously on the outside

of all the affected seeds. It is commonly stated that the seeds of many
crop plants rot in the soil during prolonged wet weather. To what

extent coniferous seed suffer from microorganisms before beginning to

germinate can not be stated without further investigation. Although

perhaps not strictly a damping-off problem, it is certainly one that

can be considered to advantage in connection with work on damping-

off proper.

TYPES OF DAMPING-OFF' IN FORESTS

In direct seeding by the seed-spot method in northern Idaho, the

writers are advised by Mr. E. C. Rogers, of the Forest Service, that

a considerable proportion of the seedlings die from what appears to be

damping-off, and that cultural examinations have shown Rhizoctonia

sp. in the majority of the cases.

In natural reproduction normal damping-off at least in most forests

appears to be a much less important factor than in nurseries. Serious

damping-off should be expected only where seedlings come up in groups,

or where soil corditions especially favor parasites.
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In cases of conifers which fail to reproduce well in forest soils contain-

ing much humus or covered with litter, the possibilities of parasitic

germination loss or of the decay of seed before germination starts are

to be considered. In stands of scrub pine {Pinus virginiana) , loblolly

pine (P. iaeda), shortleaf pine (P. echinata), and pitch pine (P. rigida)

in the vicinity of Washington, D. C, where recently germinated seed-

lings on bare mineral soils are numerous, search failed to show either

seedlings or germinating seed in the litter at points where mineral soil

was not exposed. As sufficient moisture was present in the upper

layers of the litter, and seed of broad-leaved species was found germi-

nating in fair quantity, suspicion is directed toward some biologic factor

as the cause of the lack of conifers. It is suggested that the decay of

dormant seed by the vigorous, ordinarily saprophytic mycelia present

in leaf mold may prove an important cause of failure to secure natural

reproduction of some conifers on humus soils. The entire matter of

the importance of the different types of damping-off in limiting reproduc-

tion in coniferous forests needs investigation.

INOCULATION PROCEDURE;

STANDARD INOCULATION METHOD

Except where otherwise stated, all of the experiments whose' results

appear in this paper were conducted by the following methods:

Inoculum was added to the soil on which the seed was sown, instead

of appl5dng it directly to the seedlings themselves. The procedure

was to sow the seed broadcast in pots of a mixture of sand and loam,

in most cases containing some compost. The pots and contained soil

were sterilized by steam pressure one to three days before seed sowing.

The inoculum v/as laid on the soil at the time seed was sown and both

inoculum and seed covered to the depth of about % inch with additional

soil or sand, also steamed. Three-inch pots were most commonly used,

and all pots received equal quantities of seed, determined in some experi-

ments by count, in some by weight, and in some by volume, or quantities

proportional to their areas in the few cases in which pots of different

sizes were used in the same experiment. The number of seeds used

was in most cases somewhat greater, and in a few cases much greater,

than would have been used on an equal area of seed bed in ordinary

nursery operations. Partial seed disinfection by sulphuric acid was

practiced in a few cases, but not for the most part, as there are no indi-

cations that the seed carry parasites to any considerable extent. The

inoculum used was the surface layer of an apparently pure culture of

the test fungus on prune or corn-meal agar, occasionally on steamed

rice or corn-meal mush, and therefore included both nutrient substratum,

mycelium, and in most cases spores, except in the case of species of

Corticium and Botrvtis, which were not observed to form spores on any
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of the artificial media used. In typical experiments the inoculum

fragments were distributed among the seed over a sector of the pot

approximately one-fourth the area of the surface sown. In special

cases the inoculum was limited to one or two fragments, while in other

experiments fragments were distributed over the entire surface of the

soil. In a few of the earlier experiments pots were covered, except

during the seed-sowing process, until germination. Stands whose legs

were set in pans of water were used in most of the experiments to exclude

slugs and ants. In the majority of the inoculations the control pots

were given sterile agar from the same lot as that serving as substratum

for the cultures placed in the inoculated pots. Results in such experi-

ments were not noticeably different from those in which the controls

received no agar. In the later experiments all watering was with heated

water, resulting in a decrease in the amount of contamination as indi-

cated by a lesser damping-oflf occurring in the control pots.

Reisolations, like the original isolations, were made by planting re-

cently affected seedlings in solidified agar plates and transferring from

the advancing margins of the resulting growth. Reisolations were made
only in experiments in which the control pots had remained free from

disease.

DEFICIENCIES IN STANDARD METHOD

The above method of conducting inoculations, involving sterilized soil,

heated water, heavy seeding, and heavy inoculation, is a convenient one.

The first two of these features are necessary when it is desired to keep

the controls entirely free from disease and reisolate the organisms used

in the inoculation work. It is the method which has been used by most
recent experimenters with root parasites. Attention should, however, be

called to the fact that it is not a reliable index of what takes place in

ordinary seed beds unless supplemented by experiments under more
nearly natural conditions. It is well established that as a substratum

for the growth of either higher plants or of fungi steamed soil is a very

different thing from normal soil. The quantity of water-soluble matter,

both organic and inorganic, is changed; the composition of the organic

and inorganic matter is changed; and the effects of destruction of the

original microflora and fauna, which can be hardly reestablished for

several months in the original composition and balance, can scarcely fail

to be reflected upon both hosts and parasites grown in the steamed soil.

That the changes due to steaming are of more than theoretical importance

is shown by the comparison of results of inoculations on steamed and

unsteamed soil. Successful inoculation, at least with some of the para-

sites, seems much easier to secure in steamed than in normal soil. A
further indication that heating soil is likely to abnormally favor damping-

off parasites is seen in the heavy spontaneous losses occurring on soil

subjected to temperatures of only 80° to 90° C. at some nurseries. In
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field tests in the Middle West heated soil plots not specially protected

against reinfection have in a number of cases suffered even more heavily

from damping-off than plots not treated, despite the demonstrated killing

of the parasites originally present in the soil.

Heavy inoculation with material consisting largely of substances like

corn-meal mush, rice, and various nutrient agars, as has been customary,

undoubtedly results also in soil conditions decidedly different from those

which occur in nature. It is believed that the presence of abundant rich

food material for the parasites decidedly increases the ability of some of

them to attack the seedlings. Heavier seeding than that used in practical

seed-bed work has been a part of the experimental procedure in most of

the writers' work if not in that of others, and also appears to create con-

ditions abnormally favorable to the parasites. It is felt that all of the

work that has been done, including that presented in the following dis-

cussion, must be supplemented by further experiments on unsterilized

soil, with unheated water, with a density of seed sowing corresponding to

that used in regular seed-bed practice, and with inoculum consisting of

spore suspensions where practicable, or with small quantities of mycelium

in other cases, but in no case with any addition of a nutrient medium.

Inoculation in outdoor seed beds, as well as in pots in greenhouses, will be

desirable. Conclusive results in such experiments w411 not always be

easy to get. Because of the inevitable damping-off in the controls of

experiments so conducted, positive results will have to consist of a heavier

damping-off loss than occurs in the controls, a thing which can be demon-

strated only by averaging the results obtained from a large number of

pots. Until such work is done the relative importance of the various

parasites active under field conditions can only be guessed at, no matter

how thoroughly parasitism has been demonstrated in experiments of the

conventional type.

CORRELATION OF INOCULATION RESULTS

The method of determining the results of inoculations has been to

count and remove all damped-off seedlings, making the examinations

every two or three days in the case of species like jack pine, which have

small seed. Because of the extreme brittleness of the stems of young

coniferous seedlings a certain number were accidentally broken in

almost every experiment. These were removed as found, and recorded

separately. The experiments were ordinarily closed from 10 to 20 days

after fairly complete germination had been attained, in order to minimize

the effect of accidental contamination on the results; and the surviving

seedlings were counted. By adding the number of seedlings lost by

damping-off and breakage to those surviving, the total number germi-

nating was secured. By the number germinating is meant not the total

germination but rather the number which developed far enough to break

through the soil cover, this criterion being the only one it was practicable
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to apply. The relative number of seedlings appearing in the inoculated

pots and in the controls is an important element in the results, as it is a

measure of the seriousness of the germination losses occasioned by the

inoculations. It is, of course, not an exact measure because of the

unavoidable differences in the number of seeds viable in the different

pots at the time of sowing, but it is the only one available.

The effect of the inoculations in causing normal damping-off is best

shown by the percentage of the germinated seedlings which damp-off.

The absolute number damping-off is not a figure on which conclusions

can be based, because of the great variations germi^iation loss may cause

in the initial stand. For example, if the pots inoculated with culture A
had a germination of only 15 seedlings, the subsequent damping-off of

10 seedlings will mean much more than the damping-off of 20 seedlings

in the pots inoculated with culture B, in which 100 seedlings may have

originally germinated. As a large proportion of the seedlings lost by

mechanical breakage are removed before the major part of the damp-

ing-off takes place, it is assumed that part of them would have damped-off

had they not been broken. In view of this, the percentage of damped-off

seedlings is obtained by the formula

. rr D
per cent damped-off = yy—-^ X 100,

in which D represents the number of seedlings damped-off, and 5" the

number surviving at the time the experiment was closed. The broken

seedlings do not enter into this calculation.

The germination and the percentage of damping-off are of value as

indicating the seriousness of the germination loss and of the normal

damping-off, respectively, but neither figure represents the whole effect

of the inoculation. The survival also is therefore given. If the limi-

tations in its exactness due to accidental variations in germination are

kept in mind, the comparative survival on inoculated pots and controls

can be used as evidence as to the total effect of the inoculations both on

germination loss and on normal damping-off. In order to free the sur-

vival figures, as far as possible, from the accidental variations due to the

different amounts of loss by mechanical breakage in the different pots,

it has been assumed that the broken seedlings in any series of pots, had

they not been broken and removed, would have lost the same proportion

of their number by damping-off as the unbroken seedlings. The actual

survival is therefore in all cases adjusted by adding to it the number of

the broken seedlings which the damping-off percentage indicates would

have sur\dved if they had not been broken. For example, in a set of

pots in which the damping-off percentage is 40, the number of broken

seedlings 15, and the surviving seedlings 56, the adjusted survdval is

obtained by adding to the actual survival 60 per cent of the number

broken; the adjusted survival is thus 56-^-9, or 65. In most cases the
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number it was necessary to add in adjusting the survival by this method

was relatively much smaller than in this sample case.

In cases in which some of the experimental units contained more or

larger pots than others, the germination and survival figures for the larger

units were reduced proportionally, or were converted for all of the units

to a percentage based on the number of seed sown, in order to permit

the direct comparison of the figures for the different units.

OOMYCETES CAUSING DAMPING-OFF

At least four oomycetes found in America appear capable of causing

the damping-off of pine seedlings. Only one of these, Pythium debarya-

num Hesse, is believed to be especially important on conifers. Rheo-

sporangium apkanidermatus Edson, Phytophthora sp., and an apparent

species of Pythium with spiny oogones, are the other oomycetes found

attacking pines. As some of those concerned are of doubtful identity,

the experimental results obtained with them will not be published until

further studies now in progress on them have been completed.

CORTICIUM VAGUM

Rhizoctonia was reported as a cause of the damping-off of white pine

(Pinus sirobus) in New York in 1901 (6). Preliminary inoculations on

conifers were mentioned by the senior writer in an abstract published in

1910 {13). No inoculation evidence of its parasitism on conifers has ever

been presented.

The strains of Rhizoctonia which were used successfully in the follow-

ing experiments belonged to the common American Rhizoctonia, which

causes the damping-off and rootrot of angiosperms, and is now usually

referred to Corticium vagum B. and C. (identical with C. vagum var.

solani Burt and with Hypochnus solani Prill, and Del. ; 21, p. 286, foot-

note). Spores have not been produced in any of the writers' cultures,

but the identity of the Rhizoctonia on conifers with the common damp-

ing-off fungus on angiosperms is considered established by the following

facts

:

1. Widespread distribution and ready growth on various culture

media of the strains from conifers. The only other common American

Rhizoctonia, R. crocorum (R. medicaginis; 21) will not grow on ordinary

artificial media (4).

2. Successful inoculations on pine seedlings with strains from, or

which had been found parasitic on, dicotyledonous hosts.

3. Observed damping-off of dicotyledonous weed seedlings in patches

coextensive with definitely limited damping-off patches of pine seedlings.

4. Successful inoculations by Edson (7) on dicotyledons with strains

which the writers had taken from pines and had found parasitic on

them.
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Typical mycelium of Corticiwn vagum is easily demonstrated in the

tissues of recently killed pine seedlings, and in the soil adjacent to them,

and is obtained in culture by planting in solidified prune-agar plates

small soil masses, or recently killed seedlings either with or without pre-

liminary washing in mercuric-chlorid solution. Growth on the plates

is very rapid, and transfers from the edges of the resulting colony give a
large percentage of apparently pure cultures. A distinguishing charac-

ter of the hyphae, helpful in conjunction with the typical basal constric-

tions and septa, but less commonly mentioned, is the lack of tapering

in young branches. Young hyphae are nearly as large as older ones,

with thick truncated tips, very unlike the fine tapering tips of some of

the other soil fungi whose large hyphae with basally constricted branches

might otherwise be confused with young hyphae of C. vagum.

The coniferous hosts from whose damped-off seedlings Corticium vagum
has been isolated are western yellow pine^ and jack pine from Nebraska,

red pine (P. resinosa) from Minnesota and Michigan, Engelmann spruce

from California and District of Columbia, and Douglas fir (Pseudotsuga

taxifolia) from Colorado. Cultures from all of these hosts, with the ex-

ception of Douglas fir, have proved parasitic on pine seedlings. The
single strain isolated from Douglas fir proved weakly if at all parasitic;

so man}' infections have been observed in seedlings of this fir that it is

believed some of them have been caused by parasitic strains. The fun-

gus was also seen in the tissues of, or in cultures from, damped-ofif seed-

lings of Scotch pine (Pimis sylvestris), Corsican pine, Austrian pine

(Pinus austriaca), and Norway spruce (Picea excelsa) without attempt-

ing to isolate it. With the previously reported findings of the fungus

in damped-off white pine (6), yew {Taxus cuspidata; i), and T. cana-

densis,'^ the number of coniferous hosts on which C. vagum apparently

causes damping-off in nature is raised to 12, and Vv411 probably be much
further increased when other conifers are studied.

Rhizoctonia has also been found associated with needle-killing of

white pine (2) and Douglas fir (14) in seedlings more than i year old.

INOCULATIONS ON AUTOCLAVED SOIL

Inoculations by the standard method described on page 526 were

made with strains of Corticium vagum on conifers in the autumn of 1909,

and repeated in later years. Inoculations with agar cultures broadcast

at one side of the pot were made on jack pine in two experiments and
on both red and western yellow pines in two other experiments, germi-

nation being reduced in the inoculated pots, and damping-off appearing,

while the controls, with the exception of the red pine in the last experi-

1 All of the -western yellow pine mentioned in this paper was from seed collected in South Dakota, Colo-

rado, or New Mexico, and is therefore the small-seeded fonn of Pinus panderosa Laws (P. scoptilorum Lem-
mon).

' The report of this latter species as a host for Corlicium vaytim is attributed to Clinton by Peltier {21, p.

304), though it does not seem to be mentioned by Clinton in (/).
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ment, remained free from disease. With the last two hosts the controls

received sterile agar.

In five additional experiments inoculum was distributed broadcast over

the entire pot. In three of these, cultures on corn-meal mush were used

as inoculum, and most of the germinating seed of jack and western yellow

pine, and Douglas fir, respectively, v/ere killed before they were able

to break through the soil. The total number of seedlings involved in

the experiment with Douglas fir was small. Though the controls were

treated with sterile corn-meal mush and though the fungus was found

in the killed seedlings in the inoculated flat, repetition is considered de-

sirable for this host. In the two other experiments positive results were

secured with both of the pines, with agar cultures as inoculum.

In five other experiments positive results were obtained with these

pines by inoculating them with agar cultures at only one or two points

in each pot and in one of them very definite results were also secured

with white pine. In two of these experiments on jack pine, inoculation

with single sclerotia in each pot was tried without the addition of any

of the nutrient substratum with entire success. In the experiments with

sclerotial inoculation and in the test on white pine the controls remained

entirely free from disease. In the other experiments mentioned in this

paragraph more or less accidental infection took place in the controls;

positive results consisted in less germination and more subsequent

damping-off in the treated plots than in the controls. In the inoculations

mentioned in this and the preceding paragraphs the number of pots

inoculated with Corticium vagum varied from a single lo-inch flat in

the smallest experiment to 178 3-inch pots in the largest; the controls

from a single flat to 30 pots.

In only two experiments Corticium vagum failed to give positive re-

sults. The loss was heavier in the inoculated pots than in the controls

in both cases, but the difference was so slight as to be negligible. Both

of these experiments involved inoculation at two points only in each pot.

These inoculations have the effect of confirming the field evidence of

the parasitism of Corticium vagum on four pines, jack, red, white, and

western yellow, and somewhat less positively on Douglas fir. Its appar-

ent success on all of the coniferous hosts tested justifies the prediction

that under favorable conditions it is likely to be found to be one of the

causes of damping-off of most or all of the coniferous species which com-

monly suffer from this disease. Only part of the strains are vigorously

parasitic on conifers, some strains, even though isolated from conifers,

failing in repeated inoculation tests under favorable conditions to pro-

duce any considerable amount of disease.
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REISOLATION AND RElNOCUtATION

To complete the proof of the parasitism of Corticium vagum reisola-

tions were made from recently killed seedlings of jack and western yellow

pine in pots which had been inoculated with the fungus in an experiment

in which the controls had remained free from disease. The results in

the initial experiment and in two subsequent experiments conducted

at different times in which the reisolated strains were used are given in

Table I.

Table I.

—

Inoculation ivith initial and reisolated strains of Corticium- vagum on pine
seedlings in autoclaved soil

Experi-
ment

No. and
date.

Strain
No.

Sotirce. Trial host.

Nvim-
ber
of

pots.

lyOcation of in-

oculum.

Results.

Gcr-
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Table; I.

—

Inoculation with initial and reisolated strains of Corticium vagutn on pine
seedlings in autoclaved soil—Continued

Experi-
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virulence of most of the strains through several years cultivation, indi-

cate not only that the cultures used contained only C. vagum, but that

most of them contained only a single strain of the fungus.

On the whole, the limited comparisons possible of initial and reisolated

strains, do not indicate any decided increase in virulence on pine seedlings

as a result of a single passage through the host.

CROSS-INOCTJLATIONS

In Table I is presented evidence of parasitism on three species of pine

of strains of Corticium vagum from spruce and sugar beet. In one of

these experiments and also in an earlier experiment not included in this

table, the original strains from Russian wild olive (Elaeagnus sp.), proved

decidedly parasitic on jack pine. The strains 147 and 213, from spruce

and sugar beet, respectively, have proved more virulent on the pines in

these and other experiments than any of the strains coming originally

from pine seedlings. The slight ability of a single strain from Douglas

fir to infect pine, referred to earlier, does not prove any specialization of

virulence, as some of the strains from pine give negative results on the

same species of pine unless given very favorable working conditions.

The positive results on Douglas fir with a strain from jack pine in a single

very small-scale test made is indication of the lack of any specialization

of strains of C. vagum to pine or Douglas fir.

Inoculations on both jack and western yellow pine have been success-

ful with strains from potato tuber and from bean stems, the latter cul-

ture being furnished by Dr. M. F. Barrus, who stated that it was from

a strain of proved parasitism on beans. The strains from these two
hosts were parasitic on pines only under very favorable conditions.

Single experiments with strains from alfalfa and carnation supplied by
Dr. Barrus, indicated that these were only weakly, if at all, parasitic on

pine seedlings. A strain from a sugar-beet root, isolated in eastern

Colorado by Dr. F. A. Wolf, of the North Carolina Experiment Station,

proved moderately parasitic on pine seedlings, while another strain from

the same host and locality showed little, if any, virulence on pine even

under the most favorable conditions; All three of the sugar-beet strains

had been previously tested by Dr. Edson in his inoculations on sugar-

beet seedlings, and found parasitic on them. Cultures from western

yellow pine were also tested on sugar-beet seedlings by Edson (7) with

positive results. A strain from jack pine, only moderately parasitic on

that pine species in inoculation, was found by Dr. Barrus to produce

lesions on bean stems, though small and atypical as compared with his

own strains.

The inoculation evidence, as a whole, supports the conclusion that the

Rhizoctonia causing the damping-off of pines is the same as the Rhizoc-

tonia commonly concerned in the seedling disease of dicotyledons. The
same strain can cause disease of both conifers and dicotyledons. Cer-
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tain strains may be slightly specialized to particular hosts, but such

variations are hardly of taxonomic value.

INOCtTLATIONS ON UNSTERIUZED SOIL

In an experiment in which a very sandy western Kansas soil was

treated with 0.5 fluid ounce of sulphuric acid per square foot, followed two

days later by 0.9 ounce of air-slaked lime per square foot, a number of

strains of Corticium vagum were tested, inoculum on cooked rice being

distributed through the drills. Most of the strains either prevented or

greatly decreased the germination of both jack and western yellow pines,

and the more virulent strains caused the damping-off of practically all

of the seedlings which were able to get through the soil surface. In the

plots inoculated with strains of C. vagtmi which had indicated any decided

degree of virulence in earlier tests the survival ranged from o to 47 seed-

lings (44 linear inches of drill, half of each pine, for each fungus strain),

while the 16 controls in the same experiments ranged from 59 to 254
seedlings for equal lengths of drill, more than half of the controls having

survivals better than 1 50 seedlings. The most virulent strain of Pythium

debaryanum heavily inoculated in the same way and at the same time

resulted in little more parasitic loss than occurred in control plots inocu-

lated with saprophytic molds or with nothing at all. The inoculations

with Corticium vagum caused as much damping-off as would normally be

secured by inoculating autoclaved soil under the most favorable condi-

tions for parasitism. The advantage of the C. vagum over the Pythium

debaryanum in this case was probably at least in part due to the lack of

humus. P. debaryanum apparently prefers soils with a reasonable

amount of humus, while C. vagum has been frequently found in damped-

o£f seedlings on this same soil and on another very sandy, humus-poor soil.

In an experiment in which a heavier soil heated in a moist condition to

a temperature of 80° to 90° C. for a period of not less than 10 minutes was

inoculated with the parasites. Corticium vagum again caused marked

decreases in germination, while Pythium debaryanum, had little effect on the

number of seedlings which appeared. Outside infections, probably with

Fusarium spp., which it was impossible to exclude in this outdoor work,

destroyed the seedlings so rapidly after germination that it was impos-

sible to obtain evidence on the effect of the inoculum on the seedlings after

they came up. The definite superiority of C. vagum over the P. debary-

anum in causing germination loss in this case can not be attributed to lack

of humus.

In soil entirely untreated, Corticium vagum was used in two very small-

scale inoculation experiments in the Washington greenhouse, inoculum

being placed at one and two points in each pot, respectively. In both

cases C. vagum definitely decreased the survival. In the first experi-

ment Pythium debaryantim had no effect, and in the second affected only

germination, while C. vagum both decreased germination and increased
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subsequent damping-off. The soil used was a greenhouse mixture of

sand and loam.

FUSARIUM SPP.

Species of Fusarium and Fusoma have been frequently reported as

being the cause of damping-off of conifers in Europe. The first crude

inoculations were made by Hartig (12), who produced typical damping-off

by placing healthy seedlings in contact with plants which had damped-off

and were bearing spores of Fusarium spp. Von Tubeuf (27) reports

having inoculated pine seedlings with artificial cultures, but in so small

ail experiment and with so little in the way of positive results as to be

inconclusive. He later (27) states that he and Hartig have repeatedly

caused the death of plants of European conifers by inoculating them with

Fusarium parasiticum, "also from pure cultures." No detailed report of

pure-culture inoculation experiments has been furnished in the European

literature noted, and the ability of the Fusarium or Fusoma strains,

which have been variously mentioned under the specific names of pini,

parasiiicutn, and hlasiicola to cause damping-off in Europe has rested

mainly on the frequency with which they have been obtained from

damped-off conifers. The strains which have been found on conifers and

which have been used in inoculation are not sufficiently well described to

make it possible to connect them with any of the species at present recog-

nized. There is furthermore no way of telling whether the different

reports of species of Fusarium and Fusoma on coniferous seedlings refer

to the same or different organisms.

In America Spaulding (25) reports briefly inoculation experiments with

a number of different strains of Fusarium the detailed record of which

the writers have been permitted to examine. Sufficient damping-off

occurred in some of the control plots, so that it does not seem possible to

say for any one of the strains he used that its parasitism vvas proved, in

view of the fact that each strain was used in a single pot only. For the

strains in general, his work established beyond reasonable doubt that at

least some of them were parasitic, the loss in the pots inoculated with

Fusarium spp. as a whole averaging well above that in the controls.

Among the species for which parasitism was indicated quite strongly

are F. vasinfectum E. F. Smith and F. vwniliforme Sheldon. The
evidence is especially strong for the latter species. F. vasinfectum from

cotton gave apparently more positive results than the strain from water-

melon. The general conclusion from his experiment seems to be that a

number of different strains or species of Fusarium are probably able to

attack pine seedlings under the very favorable inoculation conditions

which he furnished, and that F. m^niliforme iS one of the more virulent.

Prof. P. S. Lovejoy, working as a student under the direction of Dr. J. B.

Pollock in 1907, two years after Spaulding did his work, produced damp-
ing-off in western yellow pine with a species of Fusarium isolated from

88094°—19 2
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damped-o£f pine seedlings. His experiments were conducted in auto-

claved earth, with several pots both inoculated and controls, all being

under bell-jars. The controls remained free from disease. His species

of Fusarium, which he called F. pint, can not be positively identified

with any of the species at present recognized, from the data given in his

unpublished manuscript, which he kindly allowed the writer to examine.

A species of Nectria (later reported by Pollock ; 22) was associated with

the species of Fusarium.

Gifford also carried out inoculation experiments with species of

Fusarium indicating its parasitism. His statement (9, p. 157) seems

reasonably conclusive, though the tables on the pages preceding and

following, presumably by reason of typographical errors, do not bear out

his statement as to the original disease freedom of his control pots. The

host with which he experimented was Scotch pine. The description of

the fungus which he gave indicates that it is not F. monilijorme, but does

not make it possible to refer it to any of the other recognized species.

While his inoculations were on autoclaved soil, the fungus was not given

quite such optimum conditions as in Spaulding's work, in that his inocu-

lum consisted of a spore suspension without any considerable amount

of nutrient medium accompanying.

FUSARIUM MONIUPORME

The species of Fusarium which the writers have found most virulent

among the four or more species which they have tested is F. monilijorme^

This fungus is fortunately easy to distinguish from other species of the

genus, as it is understood to be the only species of Fusarium, in the

United States at least, which forms its microspores in chains. It is pre-

sumably not identical with the species and relatives of Fusarium de-

scribed as troublesome to coniferous seedlings in Europe, as none of the

European reports noted mentioned moniliform spores. The microspores

in the writers' cultures were ordinarily produced in delicate long un-

branched chains. Presumably on account of the delicacy of these spore

chains, the fungus seems especially well adapted for aerial dissemina-

tion. In planted petri-dish cultures numerous new colonies usually

start well in advance of the original colony, before the mycelium from

the original inoculation is able to cross the plate. In some cases, as in

Sheldon's cultures {23), microspores were agglomerated into heads, and

occasionally small heads of spores with chains arising from them have

been observed. The spores in the chains mea§ured in one case from a

prune-agar culture 2.2 to 3.1 by 4.8 to 6.3 /x. In another case from a

corn-meal agar culture 27 of the microspores ranged in length from 7.4

to 1 1 . 1 IX. Many of the cultures on the above media, but not all, developed

1 All positive Fusarium ideotifications were made by Mr. C. W. Carpenter, Plant Pathologist of the

Hawaiian Experiment Station, based on comparisons with stock cultures named by Dr. W. H. Wollen-

weber, formerly of the Bureau of Plant Industry.
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a characteristic grape-juice purple, which diffused through the agar.

This was not constant even for the same strain. The moniliform char-

acter of the microspores of this species can be very easily demonstrated

by growing the fungus on a thin layer of nutrient agar in a petri dish and
examining the culture from above with the compound microscope after

four or five days' incubation at room temperature.

The cultures used by the writers were isolated from seedlings of jack

and western yellow pine from nurseries on somewhat alkaline and very

sandy soils in southwestern Kansas. It is not believed to be a common
organism on pine seedlings in most localities.

One or more strains of Fusarium moniliforme were tested in five inocu-

lation experiments on jack pine in autoclaved soil. In two of these

experiments, inoculation ^was only light or moderately heavy, and the

pots inoculated with F. moniliforme suffered distinctly less from damping
off than the controls, which were rather seriously affected as a result of

accidental contamination. A virulent strain of Coriicium vagum also

proved a failure in one of the experiments, and the most virulent strains

of Corticium and Pythium were only slightly active in the other. The
results in the three remaining experiments, together with the results

from all the other fungi which were used in the same experiments, are

given in Table II, with the exception that the results of inoculation

with strains of Corticium, which were atypical or intermediate in viru-

lence, in experiment 31 are omitted. The results of the two larger ex-

periments seem to establish beyond any serious doubt the ability of F.

moniliforme to cause damping-off of jack pine on autoclaved soil when
'sufficient inoculum is added. Absolute final proof must, of course,

await compliance with Koch's postulates and should be based on inocu-

lation with single spore cultures. The cultures used in these experiments

were all from planted plates. Nevertheless all of those whose results are

reported were apparently pure, and in view of the number of strains and
of controls in experiments 3 1 and 60, the parasitism of the fungus

under favorable conditions is considered practically established. In

addition to the pots formally designated as controls, the 35 pots inocu-

lated with Trichoderma sp. and with unidentified or mixed cultures in

experiment 31 serve perhaps as still better controls, as they received m
the inoculum the same nutrient medium as was applied to the pots

inoculated with F. moniliforme.
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TablB II.

—

Inoculation with Fusarium spp. and otherfungi on jack pine in autoclaved

soil

31. fall,

Do...

Do.

Do.

Do.

Do.

Do.

Do.
Do.

Do...
Do...

Do.
Do.

Do..
Do..
Do..
Do..

Do..

Do....
Do....

S7, fall,

1914.

Do...
Do...

60, 1915.
Do...
Do...

Do.

Do...
Do...

Do...

Do.
Do.
Do.

Do.

Do.

Nutrient substratum
introduced with in-

oculum.

Prune agar and
steamed rice.

....do

.do.

.do.

.do.

.do.

.do.

.do.

Location of inoculum.

Broadcast through-
out pot.

do

Steamed rice

Corn-meal agar and
prune agar.

Corn-meal agar
do

...do

....do

....do
Prime agar

.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

.do.

do.
None..

.do.

Autoclaved Melilotus
stems.

Corn-meal agar

.

do.
None .

.

Prune agar

.

do
do

.do.

Steamed rice

Prune agar and
steamed rice.

None (spore suspen-
sion).

do

Prune agar

.

do
do

do

Steamed rice.

Spore suspension af-

ter sowing and 5
small pieces of

stem inoculum in

pot at germination.
2 points at one side

of pot.

do

I i>oint at edge of pot

4 points in pot
Broadcast at one

side of pot.

Broadcast through-
out pot.
do
do

.do.

.do.

I point at edge
4 points in pot
Broadcast at one
side of pot.

Broadcast through-
out pot.

do

Fungus.

(ist

unit)

S-

(2d
unit)

S-

5

5

S

F. moniliforme (strain

239).
F. tnoniliforvie (strain

249).
F. moniliforme (strain

251). .

F. moniliforme (strain

260).

A species of Fusarium
somewhat like F.
solani (strain 23 s).

A weak strain of Pyih-
ium debaryanum{25&)

A virulent strain of

Corticium (147).

Trichoderma sp. (252) . .

Unidentified ormixed
cultures (strains 244,

250, 236, 238, 246,24.5).

F.veniricosum
F. solani

F. acuminatum
Rheosporangium aphan-

iderviaius (,22g)<'-.

Phoma betae "

Chactomium sp..

Trichoihecium. roseuin.

.

A virulent strain of P.
debaryanum (255).

The most virulent
strains of Corticium
(213,0 233). _

The 2 least virulent
strains of Corticium
(205, 186).

Phoma sp
Controls

8 F. moniliforme (249).

P. debaryanum (295).

Corticium vagum.
Controls

F. moniliforme (260)

.

do
do

.do.

.do.

.do.

.do.

.do.

Fusarium. sp. (273)

.

do
do

.do.

do.

•g3

44.

1

35-8

46. o

49-3

41-5

36.9

2.9

SI-

I

40. o
45-4

55-

S

45-

3

48. 6

45-7
48. 2

12.4

3-9

50. o
43-

O

38.8

37-3
42. o
Pers
pots.

S4-0
SO. o
28.0

40. o

22-5
4.0

46.

36.0

48.0

90. o

53-

o

9.0

18.0

73-

o

2. 7

4.6

38.0
14. o

2. 2

13- o

5-6
6. 2

3-4
44.0

60. o

3-4
S-2

1.8

10.3
•4

Pers
pots.
6.0

32. o
57-

o

42.0
50.0

5-1

4-3
1.9

18.0

21. o

1

5

28.8

18.6

4-7

23-7

38.0

30-6

49-

S

45-9

2S. 2

39-

o

54-2
40. o

45-9
42.8
46-3
6.8

1-3

48-3
40. 8

35-8

38.2

3i-5
41.8
Pers
pots.

Si-o
34-

o

12. o

26. o

13.0
2.0

56.0
45-0

36.0

34-5

a Furnished by Dr. H. A. Edson.
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Table II.

—

Inoculation with Ftisarium spp. and other fungi on jack pine in autoclaved
soil—Continued

60, 1915--

Do....

Do...,

Do...,

Do...

Do...

Do...

Nutrient substratum
introduced with in-

oculum.

Prune agar and
steamed rice.

None (spore suspen-
sion.)

.do.

Prune agar
steamed rice.

None

and

.do,

.do.

Location of inoculum.

Broadcast through-
out pot.

....do

.do.

.do.

(ist

unit)

S-

(2d
unit)

S.

5

(ist

unit)

S-

2d
unit)

unit)
5-

All.

Fungus.

Fusarium sp. (273). .

.

do

do

F. solani (202)

Control (a)

Control (h)

Control (c)

Control (a, b, c)

1- Q

0 ti .

<" nil?

The peculiar behavior of Fusarium moniliforme in actually seeming

to prevent part of the damping-off in the first two experiments mentioned

(the two which are not included in Table II) suggests the possibility that

in autoclaved soil under circumstances in which it is not itself able to act

as a parasite, it may nevertheless by reason of its vigorous saprophytic

growth so occupy the soil as to make it a less favorable medium for the

spread of the more virulent parasite or parasites whose presence was
indicated by the considerable damping-off in the controls in these experi-

ments. That com.petition of saprophytic fungi may limit the damage
done by Pythium deharyanum in recently autoclaved soil is indicated by
the results of counterinoculation experiments Avhich will soon be pub-

lished. Competition between parasites, or between a parasite and a

potentially parasitic fungus under conditions which render the latter

nonparasitic, is quite probable. In the present case the record of this

species of Fusarium in killing other fungi in mixed cultures in agar adds

color to the possibility that it may effectively hinder more virulent para-

sites in autoclaved soil.

In experiment 60 it appears that in heavy inoculations with cultures on
nutrient substrata F«t5-amtw moniliforme caused germination loss as well as

damping-off after the seedlings appeared. This agrees with Spaulding's

conclusions {26) . 1 1 is apparently only under exceptionally favorable con-

ditions such as very heavy inoculation, or, as in Spaulding's work,

unusually deep sowing, that serious germination loss is to be expected

from this species of Fusarium. Comparison of the Fusarium pots inocu-

lated with F. moniliforme with those inoculated with virulent strains of
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Pythium and Corticium in experiment 31 indicates much less damage

by F. monUijorme to germinating seed. While some of the strains of

Corticium and Pythium also do little or no damage to germinating seed

in inoculations by the writer's standard methods, they are in most cases

strains whose general virulence is low, and which are not able to kill

many seedlings after germination. The indications are that C. vagum

is rather better able to kill germinating seed than seedlings which have

recently appeared above the soil ; that P. debaryanum is at least approxi-

mately as well able to cause germination loss as normal damping-off

;

and that F. monUijorme is distinctly less able to cause germination loss

than it is to cause subsequent damping-off.

The relation of heavy inoculation to positive results with F. monUi-

jorme is indicated, first, by the negative results in the two nontabulated

experiments in which inoculation was light, the weakly positive results

in experiment 57 in which inoculation wasi fairly heavy, and the unques-

tionable results in the heavier inoculations in experiments 31 and 60;

and second, by the difference in results between the heavily inoculated

and the parallel lightly inoculated pots in experiment 60. It is not

possible to say whether the increased damping-off in the heaviest inocula-

tions was simply due to the development in the soil of a larger amount of

mycelium and consequently more points of contact between hyphae and

seedlings, or whether in the cases in which large amounts of nutrient sub-

stratum were added with the fungus, there was an actual temporary

increase of virulence resulting. It appears from experiment 60 that

broadcast inoculations with spore suspensions were distinctly more

effective than inoculation with a small fragment of a culture at a single

point at the edge of each pot. The single point inoculations resulted in

no more damping-off than occurred in the controls. Broadcast inocula-

tion over the entire pot and including nutrient substrata were definitely

successful in all four of the 5-pot units on which it was used. These

heavy inoculations were clearly more effective tlan the inoculations over

smaller areas or those made with spore suspensions. In comparing

these heavily inoculated units with each other and considering both ger-

mination loss and subsequent damping-off, it appears that inoculation

with cultures on steamed rice is more effective than with cultures on

prune agar, and that the greatest total loss occurred following the use

of both media in the inoculum. The apparent increase in damping-off

with increase in the amount and richness of the media, though by no

means final proof, is believed to indicate that the presence of the nutrient

substrata actually increased the virulence of the parasite, as well as

assisting it to become thoroughly distributed throughout the pot. The

possibility that the substrata added may have decreased the resistance

of the seedlings must also, of course, be considered.
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In the series of outdoor inoculations on a Kansas sand lacking humus
and treated with sulphuric acid followed by lime, mentioned in the fore-

going account of Corticiwm vagum, three strains of Fusarium moniliforme

were tested, each being added to 2 plots of jack pine and 2 plots of

western 3''ellow pine. The average germination for all 1 2 inoculated plots

was only 0.7 that in the 1 6 nearest control plots, and subsequent damping-

o£F was slightly greater than in the controls. The net results indicate

much less parasitism by F. monilifornie under these conditions than by
most of the Corticium strains used in the same experiment, although the

species of Fusarium appears nearly or quite as parasitic as the cultures of

Pythium debaryanum used. The variation in the controls in the parts of

the experiments containing the Fusarium plots was unusually great, and

the results less conclusive than those for P. debaryanum.

The virulence of different strains of Fusarium moniliforme apparently

differs (Table II, experiment 31), though the range of variation is less

for the four strains worked with than was found to be the case in the

larger number of strains of Pythium, debaryanum and Corticium vagum.

The weakest strain was more virulent than the weakest strains of these

two fungi, but the most virulent strains of F. moniliforme were consider-

ably less destructive to jack pine than the most virulent strains of the

two better known parasites, at least on the youngest seedlings. No direct

compiarison of virulence is possible between three fungi whose different

strains vary so decidedly among themselves, unless large numbers of

strains of all three from different sources are studied. It seems safe,

however, to say that F. mrniUijorme is distinctly less important than

P. debaryanum or C. vagum as a parasite on pine seedlings, in view of its

apparent infrequence at most nurseries and its failure to cause serious

damping-off in inoculation tests, except with very heavy inoculations.

FUSARIUM VENTRICOSUM

A species of Fusarium obtained in association with F. moniliforme on

an apparently healthy root of western yellow pine was identified by
Mr. C. W. Carpenter as F. ventricosum Appel and Wollenw. In inocula-

tion on jack pine (Table II, experiment 31) the fungus showed decided

evidence of parasitism. Like F. moniliforme, in the same series, it had no

marked effect on germinating seed, but caused subsequent damping-off

loss more than seven times as great as that which occurred in the unin-

oculated pots, and eight times as great as that in pots inoculated with

various saprophytic organisms on the same nutrient medium. There

seems little question as to its parasitism, though further tests, involving

single-spore cultures and reisolation, will be needed for final proof. How
frequently it occurs in pine seed beds is not known; it is, however, believed

not to be especially common. Its indicated virulence in the test men-

tiDned was a little below that of F. moniliforme.
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FUSAEIUM SOLANI

A species of I^'usarium obtained by Mrs. H. E. Watkins from damped-

off western yellow pine in Nebraska was determined by Mr. C. W. Car-

penter as F. solani. In a single-pot test on jack pine in autoclaved soil

it gave some indication of parasitism, but very much weaker than any

of the Pythium debaryanum strains used in the same experiment. In a

later experiment (No. 31, Table II) it gave definite indication of a sHght

degree of parasitism, both on comparison with the uninoculated controls

and with the numerous pots inoculated with species of Phoma, Tricho-

thecium, Trichoderma, Chaetomium, nonvirulent Corticium strains, and

other fungi, in all of which damping-off was less than half that in the

F. solani pots. Though comparison with the other parasites is somewhat

uncertain because of the different nutrient substrata used in the inoculum,

F. solani appears distinctly less parasitic than the stronger strains of

Pythium and Corticium (No. 255, 147) and those of F. moniliforme and

F. ventricostim tested, while about equal in effectiveness to a weak

Pythium strain and to Rheosporangium aphanidermatus . In experiment

60 of Table II heavy inoculation with F. solani resulted in decided

germination loss and subsequent damping-off, though less than that

indicated for F. moniliforme with the same inoculum. The absence of

nutrient substratum in the control pots prevents the experiment being

quite as conclusive as it might liave otherwise been.

In inoculation tests on jack pine and western yellow pine on soil

treated with acid and lime, referred to in preceding sections, it failed to

affect either germination or subsequent damping-off, while all but the

very weakest strains of Corticium caused greatly increased losses, and

Pythium debaryanum and Fusarium moniliforme appeared to have moder-

ately increased loss.

The experiments as a whole indicate that the strain of Fusarium solani

used in these experiments is a weak parasite on jack pine. Despite the

relativel}^ slight virulence of this strain, this species seems worth serious

consideration as a damping-off organism, in view of its widespread

occurrence.
OTHER SPECIES OP FUSARIUM

A preliminary test was made of a mixture of three of Spaulding's cul-

tures of Fusarium spp. and three obtained by the writers from pine

seedlings at Halsey, Nebr., the latter superficially resembling F. solani in

heavy inoculation with rice inoculum on jack pine on autoclaved soil and

under moist chamber conditions. Damping-off was negligible. In the

first test mentioned under F. solani, another strain of Fusarium resembling

it was also tested on a single pot, with less resultant damping-off than in

the control pots; three strains of Pythium, debaryanum in the same series

all caused heavy and unmistakable increases in damping-off.
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In experiment 31, Table II, another strain of Fusarium superficially

resembling F. solani was tested in heavy inoculation on five pots of jack

pine. Damping-off after germination was nearly double that in the

uninoculated controls and quite double that in pots inoculated with

saprophytic molds on the same substrata. The loss, however, was only

two-thirds as much as in the pots inoculated with F. solani, Rheosporan-

gimn apharddermains , and weak Pythium debaryanwm, and much less

than in the pots inoculated with the other parasites. The same culture,

tested later in the aforementioned experiments on soil treated with acid

and lime, gave no indications of parasitism on western yellow pine and

little, if any, on jack pine. In all the experiments with this culture the

difference between the inoculated pots and the controls was easily within

the limits of accidental variation.

A species of Fusarium obtained from damped-off seedlings of western

yellow pine in a greenhouse at Washington, D. C, and identified by Mr.

Carpenter as F. acumi'natum E. and E., was tested in experiment 31,

Table II, with less subsequent damping-off than in the controls. In the

experiment on acid-lime-treated soil it had no apparent effect on yellow

pine and on jack pine seemed to increase the amount of damping-off

after germination but not more than might be explained on the basis

of accidental variation.

A culture of Fusarium sp. of uncertain identity (No. 273, experiment 60,

Table II) gave positive inoculation results in very heavy inoculations

only. This culture was recorded in early notes as producing micro-

spores in chains, but it was impossible to confirm this in subcultures

made some time later. In the experiment this culture appeared not

only much less virulent than the F. vionilifor-rne, but even less so than the

F. solani culture tested. In view of its doubtful identity and purit)',

the results with it are of interest chiefly in its agreement with the results

in the pots of F. moniliforme, broadcast inoculation proving more effec-

tive than inoculation over limited areas, agar-culture inoculum proving

more effective than spore suspensions, and rice inoculum appearing per-

haps still more effective, while the very heavy inoculation involved in

the use of both media had the maximum effect.

The conclusion to be drawn from these somewhat fragmentary data

is that the strains of Fusarium tnoniliforme and F. ventricosum experi-

mented with were above the average of virulence for species of Fusarium

on pine seedlings, and that finding a species of Fusarium on damped-off

seedlings does not establish as strong a presumption of etiological signifi-

cance as would the finding of P. debaryanum or C vagimi. F. solani

and F. vasinfectum also appear somewhat parasitic on pine seedlings,

and F. acuminatum nonparasitic. Further tests with some of these and

other authentically identified species of Fusarium are badly needed to

settle the question as to which species are capable of parasitism and
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what is their importance as compared with the parasites belonging to other

genera, under natural soil conditions.

TRICHODERMA.

Strains of Trichoderma frequently appear in cultures from seedlings

affected with the usual type of damping-off. They also often fruit on

the surface of recently autoclaved soil, entirely independently of the

presence of seedlings. Strains isolated at a Kansas nursery produced

conidiophores in very compact groups, often as much as 2 mm. in diame-

ter, and usually arranged in zonate rings. The spores were mostly

spherical. This agrees with the characters given for T. lignorum (Tode)

Harz., though one of the zonate strains isolated had the elliptical spores

described by Cook and Taubenhaus (5) for T. koningi Oudemans, and

another, with spherical or nearly spherical spores, showed the absence

of zonate spore-tuft production attributed to T. koningi. Frequent

chlamydospore formation, described as characteristic of T. koningi, was

observed in some of the strains whose isolation was not attempted. It

appears that both species, if they are to be regarded as distinct species,

are more or less common in pine seed beds.

In an early inoculation test with an unidentified strain of Tricho-

derma from Washington, D. C, an autoclaved flat was sown with jack

pine, inoculated broadcast, and kept under moist-chamber conditions

without result. In a later experiment (No. 31, Table II) with the ellip-

tical-spored strain above referred to, the nonzonate strain, and the more

typical Trichoderma lignorum strain, in cultures of uncertain purity,

were used in heavy inoculation on five pots each with actually less para-

sitism than occurred in the controls. A fourth culture of Trichoderma sp.

of doubtful purity resulted in somewhat increased damping-off, but

within the limit of experimental error.

In the experiment on sand treated with acid and lime, referred to in

the accounts of experiments with the preceding fungi, one pure and two

doubtfully pure cultures representing the three different types were

tested. The most typical strain of Trichoderma lignorum had no effect

on western yellow pine and little or none on jack pine. The nonzonate •

form and the elliptical-spored form both appeared to decrease germina-

tion in both pines, the former also increasing damping-off in western

yellow pine and the latter in jack pine. The differences were in all cases

within the limits of accidental variation. The indications from these

tests are that the strains of Trichoderma used are either unable to cause

the usual type of damping-off or are very unimportant causes. The

frequency with which the fungus is obtained in planted-plate cultures

from dead seedlings may easily be due to its common presence in soil

and its capacity for rapid growth on the agar used.

In addition to the usual type of damping-off, the blacktop type, men-

tioned in the first part of the paper and illustrated in Plate B, figures 2 and



Dec. 9, 191S Seedling Diseases of Conifers 547

3, is to be considered in connection with Trichoderma. Plate cultures

from 30 jack-pine seedlings afifected with blacktop in a nursery in the

Nebraska sand hills in every case yielded species of Trichoderma; no

such uniformity of occurrence has been encountered for any fungus in

any of the series of cultures made from other types of damping-ofif.

The blacktop type occurs rarely, and, so far as observed, only under

unusual weather conditions, most of that observed having followed un-

seasonably cold, wet weather. Extensions of the lesions into unaffected

tissue stopped simultaneously and abruptly throughout the beds, ap-

parently because a change in conditions increased resistance. The

affected seedlings were scattered throughout the beds, seeming equally

common on acid-treated and untreated areas. The entire picture was

that of a disease caused by a fungus which is not strongly parasitic, and

is well adapted for aerial dissemination. Trichoderma sp. seems to

fulfill both of these requirements, and uniform association with the

lesions is believed to indicate causal relationship. The fact that no

such lesions have been produced in the few inoculations with Trichoderma

sp. does not exclude this hypothesis, as the field evidence indicates that

the lesions occur only under very unusual conditions, which are not well

enough understood to be duplicated in artificial inoculations.

PESTAI.OZZIA SPP.

Species of Pestalozzia have occasionally appeared in cultures made by

planting damped-off seedlings in prune-agar plates. In some cases the

spores had two dark cells, suggesting P. hartigii. The occurrence of

Pestalozzia spp. in cultures from damped-off seedlings has not been suffi-

ciently frequent to indicate parasitism strongly. Some interest, however,

attaches to the positive inoculation results reported by Spaulding (25).

The fact that P. funerea is widespread and common on dead coniferous

material and that he succeeded in killing i -month-old seedlings of western

yellow pine by inoculation with pure cultures of it indicates that it may
be of some importance as a cause of damping-off. His single experiment

is the only one which has-been noted on seedlings still of damping-ofif

age. Further experiments with it on young pine seedlings are desirable.

Its slow growth and rather slow fruiting tendencies would make it rather

difficult to demonstrate in diseased seedlings always filled with fast-

growing saprophytes, so that failure to obtain it frequently by cultural

methods is no proof that it does not occur more or less frequently in the

seedlings.

BOTRYTIS CINEREA

Botrytis cinerea {B. douglasii, B. •yu/^arw), frequently connected with the

damping-off of seedlings of various plants and with needle diseases of the

young shoots of coniferous seedlings, does not seem to have been reported

as causing damping-ofif of conifers. B. cinerea has never appeared in the
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writer's cultures from Colorado and points farther east, but was easily

obtained from western yellow-pine seedlings growing in sterilized soil in

the plant pathological laboratory at the University of California. The

lesions on which it was first obtained occurred just above the soil sur-

face and produced the Botrytis spores directly on the lesions almost as

soon as the lesions themselves became evident. The spores and sporo-

phores appeared to be typical of B. cinerea.

Inoculations had been made prior to this time with a culture of Botrytis

cinerea from apples from the Pacific Northwest furnished by Dr. J. S.

Cooky, of the Bureau of Plant Industry, The pots inoculated were kept

covered with glass plates from the time they were autoclaved until the

close of the experiment. Jack pine was used in the test, and the inocu-

lum was probably a mixture of cultures on steamed rice and prune agar

(record on this point is lacking). Parallel tests were made on three soil

types. On two of these the germination was very poor in all pots, and

damping-off was present in the controls as well as in the inoculated pots.

In the third soil type, a poor soil from Takoma Park, D. C, in which in-

oculations of Pythium debaryamum had proved unsuccessful, 44 seedlings

appeared in the five control pots during the first few days after germi-

nation began, while in the five pots of B. cinerea but two seedlings ap-

peared in the same time. Additional seedlings appeared later in both,

but with still approximately three times as many in the control pots as

in the pots inoculated with the fungus. Damping-off was somewhat, but

very little, heavier in the Botrytis pots. The experiment indicates ger-

mination loss as a result of the presence of B. cinerea, but must be re-

peated to give conclusive results.

Mainly because of the known parasitic ability of B. cinerea on seedlings

of other plants and on older conifers and the strong indications of para-

sitism seen in the seedlings at the University of California, rather than

on the basis of the single inoculation experiment, it is believed that

this fungus will probably be sometimes found causing damping-off of

conifers. It is a fast-growing organism on prune agar, and failure to

obtain it at most of the nurseries at which -cultures have been made is

strong evidence that it is not present in the damped-off seedlings at

these places. Spaulding's failure to obtain it frequently from the seed-

lings with which he worked {26) is further evidence that in the East and

Middle West at least it is not important as a cause of damping-off of

conifers.

MISCELLANEOUS FUNGI

Alternaria sp. has been very frequently encountered in cultures from

dead coniferous material, both in the tender seedUng stage and in older

nursery stock. No inoculation tests with it have been made. It is not

believed to be important as a damping-off parasite, but its frequent
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occurrence, especially on damped-off seedlings under moist chamber

conditions, makes a test of its parasitism desirable.

The common large Mucor sp. is another fungus frequently found in

agar cultures from damped-off pine seedlings. Two strains, one appar-

ently pure and the other of somewhat doubtful purity, have been tested

in inoculation on jack pine in autoclaved soil. In experiment 31 (Table

II shows results of other fungi in this experiment) there was distinctly

less damping-off in the 10 pots inoculated with cultures of Mucor sp.

than in the 25 control pots. In the experiments on sand treated with

acid and lime, the two Mucor cultures gave slig'ht indication of para-

sitism on jack pine and still less indication on western yellow pine. In

both cases the differences between the inoculated and control plots were

well within the limits of accidental variation. It seems probable that

strains of Mucor are not of any importance as damping-off parasites and

that their frequent occurrence in the cultures from seedlings, as in the

case of Trichoderma sp., can be explained by the fact that Mucor sp. is

a common soil-inhabiting saprophyte and is able to grow very rapidly

in prune agar.

Penicilliufii sp. of the common green type has occurred more or less

frequently in cultures from damped-off seedlings. Mixed cultures con-

taining Penicilliurn sp., like the cultures of Mucor sp., apparently caused

a decrease rather than an increase in damping-off' in the 10 pots of jack

pine to which they v/ere added in experiment 31, and on both jack and
western yellow pine in the experiment on soil treated with acid and lime.

Aspergillus sp. of the common type with black spore heads, obtained

from damped-off western yellow pine at Washington, D. C, when in-

oculated on five pots of jack pine in experiment 31, apparently caused

a decrease rather than an increase in damping-off. In the expteriment

on jack and western yellow pine on sand treated with acid and lime, the

same was true for this culture, and also in the case of western yellow

pine for another strain of Aspergillus taken from damped-off western

yellow pine from the Kansas nursery, at which the experiment was con-

ducted. This latter culture had no effect on jack pine. Aspergillus

sp. has not appeared in culture from seedlings often enough to warrant

any suspicion that it is concerned in causing damping-off.

Phoma betae (Oud.) Fr. (pure culture furnished by Dr. H. A. Edson)

in experiment 31, Table II, had no apparent effect on damping-off of

pine. The same held true in western yellow pine in the experiment on

sand treated with acid and lime, and while a slight decrease in germina-

tion and a slight increase in damping-off was noted in the jack pine

inoculated with P. betae in this latter experiment, the difference was
easily within the limit of accidental variation. The failure of this

damping-off parasite of beets to affect pines was to be expected, in view

of the specialization of the fungus to beets indicated by the systemic

character of the infection it produces on them (8).
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Two pots of pine in autoclaved soil were heavily inoculated with agar

cultures of the species of Phoma which has been shown to cause the

blight of young cedar (lo). No damping-off resulted, although in the

same experiment both Corticium vagum and Pythium debaryanum proved

strongly parasitic. It has not been found in cultures from damped-off

seedlings.

An unidentified species of Phoma from blighted 2-year-old seedlings

of western yellow pine from Montana, used on five pots of jack pine in

experiment 31, apparently resulted in decreased rather than increased

damping-off.

Inoculation with a bacillus which appeared commonly with Pythium

debaryanum from damped-off seedlings also appeared to decrease rather

than increase damping-off in experiment 31, and in the experiments on

soil treated with acid and lime to increase the loss, but in both cases to

an extent explainable as accidental variation.

The statement made in several of the foregoing paragraphs that the

organisms considered apparently decreased damping-off in experiment

31 is not necessarily paradoxical, in view of the possibility of competi-

tion between saprophytic organisms and accidentally introduced parasites.

It is realized that not all of the possible damping-off parasites have

been tested. In some cases it has proved very difficult to obtain from

damped-off seedlings any of the known parasitic organisms. It is de-

sirable to make further attempts to obtain, and to carry on inoculation

experiments with, slow-growing organisms not likely to appear in the

planted plate cultures used by the writers for isolation purposes.

OTHER PARASITIC DISEASES

Discosia pint Heald has been found on western yellow pine in the same

way as described by Heald (77) and at the same nursery. Obsei'vations

confirm his conclusion that it does little or no harm. Cultures were

obtained by making dilution plates of the spores, but the subcultures

were not carried long enough to obtain fruits. The same fungus was

found occurring in just the same way on white pine from a nursery in

Georgia.

Another fungus occurring on living pine seedlings of the damping-off

age without causing the decay typical of damping-off is the European

rust Melampsora pinitorgua (A. de B.) Rostnip. This rather dangerous

parasite has not so far been reported authentically from America, and

its importation should be very carefully guarded against. It most com-

monly attacks the young needles and shoots of trees 10 to 30 years old,

but it may also produce its orange sori on seedlings which have just

appeared above the soil surface {11, 24). Hartig {11) has found it

attacking as many as two-thirds of the seedlings in a stand of Scotch

pine, producing spores on the cotyledons and hypocotyls when the seed-

lings were only 2 months old. Seedlings recovered whose cotyledons
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only were attacked. It is reported on Austrian and Corsican pine, on

Piniis montana, and even on white pine (5). The same or a similar rust

has been reported on species of Abies (24). The alternate stage occurs

on poplars (Populus tremula, P. alba, P. halsamifera candicans, etc.),

and as it attacks stems as well as leaves, importation of poplar as well

as of coniferous nursery stock may introduce the disease.
«

WHITESPOT

Light-colored shrunken lesions sometimes appear at the bases of the

stems of pine seedlings as a result of excessive heat at the soil surface.

The lesions (PI. B, fig. 4, 5) are characterized by shrinkage, light color,

definite limitation, and the fact that such one-sided lesions as occur are

usually on the south side of the stem. They have undoubtedly been

confused with damping-off in the past. Unlike damping-ofiF, the lesions

do not extend longitudinally until some days after their appearance

and then apparently only as a result of the invasion of the original lesion

by fungi. Upward conduction of water is not interfered with. Losses

are occasionally serious, especially where there is little shade or the soil

is loose and inclined to become dry at the surface. This type of injury

has been described in more detail by Miinch {ig, 20) and Hartley {15),

who present evidence as to its relation to heat. A case of damping-off

recently reported in red pine {18) in which the loss was limited to soil

containing raw humus allowed to dry at the surface may be an example

of confusion between whitespot and parasitic damping-off. Miinch

emphasizes the likelihood of heat injury on raw humus soils.

MECHANICAL INJURIES

Mechanical injuries of different types are rather frequent in coniferous

seed beds during the first month after germination. This is particularly

true of species which have small seed and therefore produce delicate

seedlings. Red pine, with a seed of intermediate size, is also very

subject to mechanical breakage because of the unusual brittleness of the

stems during the first two or three weeks after the seedlings appear

above soil. Counts of obviously mechanically injured seedlings were

continued throughout the damping-off season in beds of red, jack,

and western yellow pine in Nebraska, Kansas, and the Lake States, in

connection with seed-bed disinfection tests. A survey of the data on a

large number of the untreated plots taken at random shows that the

total loss from mechanical causes may vary from i to 10 per cent of the

entire stand, with losses of 3 to 3.5 per cent common, and below 2 per cent

or over 5 per cent rare.

Types of mechanical injury which cause loss in the seed beds are (/)

the washing out of the germinating seed or of very young seedlings;

(2) the actual breakage of the stems by high Avind, hail, beating rain, or

the feet of birds or animals; (3) the eating or pulling up of the seedlings
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by insects, rodents, or birds; (4) the cutting off of the roots below ground

by insects in the soil which presumably feed on them, or by moles which

accidentally break them in working through the soil; and (5) the breaking

over of the stem, usually at the soil surface, as a result of repeated bend-

ing by wind or possibly by other agencies, sufficient to finally cause the

collapse of the cortex without transverse rupture of the epidermis or

vascular system.

The first four types need little mention, as there is no danger of their

being confused with any of the other types of disease mentioned in this

article. A few observations on the factors influencing the washing out or

breakage of seedlings in artificial watering may be of interest. It devel-

ops that the fine spray from nozzles which some nurserymen use in

watering germinating seed beds will in some cases cause much more loss

through the washing out or breakage of seedlings than some other meth-

ods of watering. The best types of stationary sprinklers are less harmful.

Another much more drastic method of appl}dng water has also been

found relatively harmless. It appears that the washing out wliich com-

monly occurs is due not so much to the amount of water applied as to the

angle at which it strikes the bed. This at least seems to be the case in

the sandy soil vv^here most of the writers' watering experiments were con-

ducted. A fairly strong spray from the nozzle, by striking the surface of

the bed at an angle, as it practically always does, seems to displace soil

particles to a much greater extent than a very m.uch heavier mass of water

striking the surface of the bed directly from above. Ver)^ shallow-sown

seed beds have been watered without injury, by applying the water di-

rectly from the end of a i -inch hose line without nozzle or even coupling,

the end of the hose being so held that the water was spread out over the

hand of the man holding it and fell vertically on the beds in a rather thin

sheet. In this way water was applied to the beds wth good pressure

from large mains and hose leads at the rate of 15 gallons per minute,

while on the same beds a nozzle closed so as to give a spray and delivering

only from 3 to 5 gallons per minute caused considerable washing out.

The fifth type of mechanical injury mentioned in the foregoing is one

which, though probably not uncommon, is very difficult to distinguish

from whitespot due to heat, and may also be confused with damping-o£f.

Plate B, figure 7, shows a seedling which was found broken over with

characteristic white-spot symptoms at a time following high wind and

cold, cloudy weather. The conditions were such as to seem to preclude

the possibility of heat as the cause, and the lesion differed from the ordi-

nary heat lesion in having the constriction more definitely limited to a

particular point, not involving the stem either above or below that point.

Much the same symptoms were later produced in a seedling of western

yellow pine by exposing it to a strong wind. Simple mechanical bending

was then tested on seedHngs of jack, red, and western yellow pine. As

expected from the experience in the seed beds, lesions such as those in
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figure 7 could not be readily produced by bending red pine, as the stems

broke squarely off, and immediately wilted. In one or two cases, however,

breaking over with one-sided lesions was obtained without apparent

rupture of the epidermis. In western yellow pine repeated bending, not

carried quite far enough to break the stem, in most cases produced a

collapse of the cortex at a point on the side away from the application of

the bending force, with a resultant weakening of the stem at this point

so that a sharp right-angled bend could be made without further injury

to the stem. In long repeated bending the entire perimeter became more

or less constricted at this point and the seedling lost its ability to stand

erect. With jack pine, the species in which the supposed wind injury

was observed in the seed beds, similar lesions were more easily produced

either by artificial bending or by the application of a strong draft of air

from a pressure vent. If the mechanical bending included a slight twist-

ing movement or if the seedling was so placed that it was whipped side-

ways as well as dov/nward by the blast of air directed against it, the col-

lapse of the cortex at the point of bending could be made even more

complete than that observed in the nurseries. The whitening of the stem

both above and below the constriction, shown in Plate B, figure 7, was

not produced by artificial bending or exposure to air currents to any

great extent except in lesions which occurred just at the soil surface.

It is believed that the change of the epidermis above and below the point

of constriction from red to nearly white, indicating the loss of sap from the

cells, came as a result of bruising against the soil rather than as a result of

bending alone. The stems of young seedlings are so susceptible to bruising

that even stroking the side of the stem with a smooth piece of wood or a

rubber-tipped rod results in the development of a lesion characterized

by sunken surface and more or less discoloration.

What apparently takes place in these cases is the loss of sap from the

cortical tissue, and probably, in view of the loss of red pigment, from the

epidermal cells as well. Whether this is a result of an actual rupture of

the internal tissues or from an increase in the permeability of the tissue

as a result of the mechanical stresses developed is not known. It should

be pointed out that there is nothing especially different from the collapse

of the cortex under bending and collapse due to external pressure. In

both cases the injury is believed to be caused by pressure. This belief is

supported by the fact that in the case of experimental bending it is the

cells on the side of the stem on the inside of the bend which first collapse,

these, of course, being the ones which get the most pressure in the course

of the bending. That the vascular tissues are not seriously affected is

evidenced by the continued turgor of the leaves. In a seedling with a

much more serious and extensive lesion than the one figured, resulting

from mechanical bending, the leaves were still turgid 16 days after the

injury, and the prostrate stem had shown negative geotropic response,

88094°—19 3
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the cotyledons and the upper part of the stem turning upward away from

the soil. The epidermis, while showing no evidence of serious injury

beyond the loss of pigment, may suffer microscopic ruptures. On the

upper side of a yellow-pine seedling at the point where a lesion was being

developed by bending, observation with a hand lens showed that minute

drops of liquid were extruded from the epidermis apparently at small rup-

tures, which, however, could not be detected after the drops had disap-

peared. Stomata may, of course, have been the points of exit of the sap.

The importance of lesions produced by bending without outright break-

age in the seed beds is slight, unless very high winds occur during the first

lo days after the appearance of the seedlings. The fact that the lesions,

like white-spot lesions due to heat, remain definitely limited for a week

or more, together with their lighter color, serves to distinguish them from

those caused by the usual damping-off organisms. Positive differentia-

tion on the basis of color alone is not entirely safe, three or four days'

observation being necessary to determine whether or not a lesion is

parasitic.

It may be mentioned that in older plants a girdling of Russian wild

olive, several months old, by a transverse lesion at the soil surface, fol-

lowed by death a number of weeks later, and the girdling and local collapse

of the soft young shoots of 2- or 3-year-old pine nursery stock, both

observed in regions of high wind, may also prove to be due to excessive

bending.
DROUTH INJURY

Death of young seedlings from drouth is undoubtedly sometimes

confused with damping-off. Seedlings so young that the stems have not

finished elongating may remain erect for some time after being killed

either by drouth or normal damping-off, as the compactness of the tissues

apparently prevents immediate collapse from water loss, and decay takes

place but slowly. When the seedlings are old enough to have stiff, wiry

stems, difficulty again arises in distinguishing between seedlings killed by

drouth and those killed by the late type of damping-off. Therefore

during the first week and after the third week from germination it is not

usually possible to distinguish drouth injury from damping-off by the

condition of the individual seedling. Fortunately the distribution of the

diseased seedlings often gives a clue. Damped-off seedlings, especially

in the late damping-off type, are usually so grouped as to definitely indi-

cate infection foci. This is not the case in drouth injury.

At the intermediate age of one to three weeks it is often possible to

distinguish between drouth injury and damping-off by the condition of

affected seedHngs. At this stage seedlings dying from drouth show

prompt and unmistakable wilting, while the damped-off seedling at first

remains turgid, typically falling on account of the decay of the base of the

stem before wilting of the rest of the stem takes place. Seedlings just
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fallen over as a result of water shortage therefore exhibit uniform bending
of the entire stem, while seedlings fallen from damping-off or from white-

spot usually have a rather sharp bend in the lower part of the stem, and
little or none in the upper part.

In a number of western commercial nurseries in which no provision is

made for artificial watering drouth injury is in certain seasons a serious

matter. During a normal season and in a loamy soil loss from drouth

in first-year seed beds is probably not a serious matter east of the Missis-

sippi River. In nurseries, first-year seedlings more than a month old

apparently suffer less often from drouth than 2- or 3-year-old seedlings

as they have their roots well established, but are not large enough to

crowd each other and rapidly exhaust the soil moisture.

Soft-stemmed seedlings so far injured by drouth as to be badly wilted

may still recover if supplied with water within a few hours after wilting.

SUMMARY

(i) Damping-off is the most serious disease of very young seedling

conifers. A number of symptomatic types are described, part of which

are figured in Plate B.

(2) Corticium vagum, Pythium debaryanum, and other oomycetes;

Fusarium moniliforme, F. ventricosum, F. solani, and other species of

Fusarium; Trichoderma spp. ; and Botrytis cinerea have been isolated

from damped-off conifers, and are believed to be able to cause the disease.

Spaulding's work indicates that Pestalozzia funerea can also cause damp-
ing-off of pine. In artificial inoculations on pines in autoclaved soil, the

first three species named proved to be especially virulent parasites. All

except Trichoderma spp. have given mere or less indication of parasitic

ability in inoculation experiments.

(3) For Corticium vagum 12 coniferous hosts .are listed (p. 531).

One strain was maintained in artificial culture continuously for eight

years without perceptible loss of virulence. There is a marked difference

in virulence between different strains, which bears little or no relation to

the host from which the strain was isolated. For example, strains from
spruce and sugar beet, respectively, proved more virulent in inoculations

on pine seedlings than did any of the strains originally isolated from
pine. There was furthermore no indication that passage through seed-

lings and reisolation resulted in any increase in virulence. C. vagum
was found especially virulent in inoculations on a very sandy soil treated

with sulphuric acid, followed by lime. Slight virulence was indicated

in prelimi lary inoculations on untreated soils.

(4) With the possible exception of Pythium deharyanum, Corticium

vagum appears to be the most important single damping-off parasite on
conifers, certain species of Fusarium also being probably important, and
the remainder of the organisms mentioned unimportant. The available
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data do not justify a final statement on the relative importance of the

different parasites.

(5) The following fungi have indicated inability to cause damping-off

of pines: Aspergillus sp. (the ordinary black type); Penicillium sp. (the

ordinary green type) ; a rapidly growing species of Mucor from damped-

off seedlings and seed-bed soil; Trichotheciwm roseum; Fusarium acumi-

natum; Rosellinia sp. from nursery soil ; Chaetomium sp. from maple roots;

Phoma betae; the species of Phoma which causes red-cedar blight; and

a third species of Phoma from pine in Montana.

(6) At least with some of the fungi found parasitic, heavy inoculation

and heated soil so favor parasitism that past experiments, mostly con-

ducted under such conditions, do not constitute an entirely reliable basis

for deciding what goes on in the seed beds under more natural conditions.

(7) Inoculations in autoclaved soil with certain saprophytic or weakly

parasitic fungi have apparently resulted in a decrease rather than an

increase in damping-off in some cases.

(8) Coriicium vagum and Pythium deharyanum cause a large part of

the damage they do by killing seed or seedlings before they appear above

soil. Strains of Fusarium are less inclined to do this. Such losses are

often wrongly attributed to poor seed. Some of the damping-off fungi

are able to continue to kill the roots of seedlings after they develop rigid

stems, so that they do not fall over. This type of trouble is sometimes

confused with drouth.

(9) Excessive heat, drouth, or bending may each cause injury closely

simulating damping-off. On careful examination these nonparasitic

types of injury can usually be distinguished from damping-off by char-

acters described in the last pages of this paper.
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PLATE B

1. Noi-mal damping-off on western yellow pine; caused usually by Corticiumvagum,

Fusarium spp., or Pythium debarymiuni. Natural size.

2, 3. Blacktop damping-off on jack pine; probably caused by Trichoderma sp. X 2.

= location of surface of soil.

4. Whitespot injury, common type, on western yellow pine; usually due to ex-

cessive heat at soil siuiace. Natural size.

5. Whitespot lesion, one-sided type, on western yellow pine; due to heat. Natural

size.

6. Late damping-off resulting from inoculation with Pythium debaryanuni on red

pine more than 5 weeks old. X iK- = location of surface of soil.

7. Wind injury to jack pine. This seedling had fallen over and was propped up

for drawing purposes. X 2

.

Drawn by Maybell S. Hartley.
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HISTOLOGICAL STUDIES ON POTATO LEAFROLL ^

By Ernst F. Artschwager
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INTRODUCTION

External symptoms are often insufficient and sometimes misleading

in the identification of certain plant diseases, and the pathologist must

resort to the studies of internal morphology and physiological reaction

to bring otherwise problematical questions to a satisfactory conclusion.

The necessity of such an attitude is most clearly exemplified in the case

of the Irish potato leafroll diseases, which have been the subject of much
discussion and controversy for the last decade, both in this country and

in Europe.

The literature of potato leafroll is voluminous and varied. The most

important articles, about 600, were reviewed by Appel and Schlumm-
berger (j)^ in 1911, and about three years later this list was extended

by Orton {4), in which he reviews the history of this disease and related

troubles and the theories regarding its cause.

The ready identification of leafroll in the field and its separation from

other maladies is difficult, and there is much confusion over diagnosis.

Our knowledge of the pathological physiology of this disease is incom-

plete, and an understanding of the histological changes in the diseased

tissues is only in its beginnings. Very little is known in regard to the

chemical changes which acdompany the disorganization processes in the

cells and tissues, and nothing definite is known about the origin and

progress of the disorganization which sometimes leads to a complete

obliteration of the walls and contents of the elements of the conducting

system for plastic materials.

The pioneer researches of Quanjer (5) have given an impetus to new
investigations along the lines just mentioned and have diverted our views

from the fungus culture to the histological and physiological side of the

problem.

' This work was begun in the field laboratory of the Office of Cotton, Truck, and Forage Crop Disease

Investigations at Greeley, Colo., in the summer of 1916, and was continued in the Department of Plant

Pathology at Cornell University under the direction of Prof. H. H. Wlictzel and Dr. H. A. Edson, to whom
the writer wishes to express his gratitude for their courtesy and helpful suggestions. To Dr. A. J. Eames,

of the Department of Botany at Cornell University, the writer is especially indebted for the constant advice

and criticism received in preparation of materials, interpretation of slides, and editing of the paper.

' Reference is made by number (italic) to " Literature cited," p. S70.

Journal of Agricultural Research, Vol. XV, No. 10

Washington, D. C. Dec. 9, 1918

qn Key No. G-167

(559)
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While taxonomic, inheritance, and control studies are being carried

on at present by various investigators, the following studies have for

their purpose the testing of Quanjer's hypothesis with both European

and American material, and the adding of new facts to the already exist-

ing knowledge. A former paper (2) on the anatomy and development

of the normal Irish potato plant furnished a background for the patho-

logical study and facilitates a more accurate interpretation of the existing

conditions.

It is realized that an adequate inquiry into the problem of potato leaf-

roll from the viewpoint of the morphologist should first of all comprise

a detailed seasonal study of the normal plant grown under different

ecological conditions, with the purpose of correlating the influence of

external factors with changes in internal anatomy. These investigations

should then be extended to a study of plants affected with diseases of

parasitic and physiologic origin, to determine in how far the delicate

internal structures respond to the stimulating effect of parasites and their

toxins, as well as to unfavorable conditions of growth.

A detailed microscopical study extending over several generations

should make it possible to trace the development of the disease from the

first cell response through the various chaiUges, culminating in the cessa-

tion of function and death; while microchemical investigations should

afiford an insight into the physiological activities of 'the diseased plants,

especially in respect to assimilation and translocation. A critical study

of the data obtained should either emphasize or discredit the value of

comparative anatomical studies for diagnostic purposes, and might permit

a grouping or separation of diseases on the basis of pathological anatomy

according as the symptoms found were similar or unlike.

Present circumstances make it necessary for the writer to interrupt

studies of this character for an indefinite period while they are still in-

complete and preliminary, but sufficient progress has been made on a few

of the general questions of foremost interest to justify their presentation

in the hope that they may be of interest and value to other investigators.

This paper will be limited to the presentation of a comparative study of

certain European and American types of leafroll, together with observa-

tions on the progressive histological changes in the tissues.

EXPERIMENTAL MATERIALS AND METHODS

Tubers for the study of European leafroll were obtained from Dr.

Quanjer, Wageningen, Holland, and from the Agricultural College,

Copenhagen, Denmark. The material representing American leafroll

was obtained from the Government station in Greeley, Colo., and from

various places in the State of New York.

The methods of killing, fixing, embedding, and staining the material

were the same as those used (2) for the normal Irish potato {Solanum

tuherosum).
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DESCRIPTION OF EUROPEAN LEAFROLL

LEAFROLL IN PAUL KRUGER VARIETY

Tubers from both normal and diseased potato plants were grown in the

disease garden of the Department of Plant Pathology of Cornell Univer-

sity. The plants from the diseased tubers grow more slow^ly than the

normal ones, show a shortening of the internodes of the stem (PI. 35,

A, B) and a pronounced development of axillary shoots later in the sea-

son (PI. 37). The lower leaves, and later the upper ones, become rigid,

and the leaflets fold more or less along the midrib. The whole leaf shows

the effect of the rolling, and exhibits a spiral tendency, causing the mature

plants to stand out prominently among normal individuals. The color

of the foliage changes with the progress of the other symptoms. At first

the lower leaves show a pale discoloration; in the beginning this is con-

fined to the tip and the margin of the leaflets, gradually spreading and

changing to a reddish tinge. At the time of maturity of the plant the

tissue of many of the discolored areas is dead and of a brown color. The

tubers set normally, but on rather short stolons; the yield is small both

as regards number and size. The seed piece is found unexhausted in the

soil.

Cross sections through midrib and lamina of a leaf of such a plant show,

on the whole, normal histological structures. The fibers, however, are

more plentiful, and high magnification reveals slight changes in the

peripheral region of the vascular tissue. Here and there a few cells of the

pericycle are found to be filled with a deposit, sometimes crystalline,

sometimes of globular masses, yellow in unstained sections. When
stained with Haidenhein's hematoxylin and safranin, the deposit stains

reddish or remains yellow. Mineral acids, either dilute or concentrated,

do not dissolve this precipitate; alkalies increase the intensity of the

discoloration. Treatment with phloroglucin and hydrochloric acid to

test for lignification gives negative results; alcanin, however, produces a

reddish color suggesting the presence of cutin or cutin-like substances

(Sudan III and Scharlach R, the most typical reagents for cutin are

unavailable at present). In other places intercellular spaces have formed

between the cells of the phloem. These cavities are filled with a secretion

rather plastic in nature and reacting similarly to the treatment of chem-

icals as does the crystalline deposit found inside the cells just mentioned.

The cells of the pericycle in such a region are radially elongated and

slightly distorted.

Sections through the lamina show a disorganized condition both of

palisade tissue and of spongy parenchyma in those regions which show

external symptoms of the disease most strikingly. The cell wall, though

not thickened, has undergone chemical changes, having become cutin-

ized. The lumina of these cells are filled with a precipitate of the nature

described for the diseased cells of the vascular tissue of the midrib. The
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petiole, like the midrib, also shows normal conditions as regards the

amount and arrangement of vascular tissue. The fibers are more numer-

ous and of a larger diameter than those found in normal sections. The

secondary walls of these elements are often very thin and only very

slightly lignified. The smaller type of fiber, especially numerous in the

inner phloem, has its secondary walls heavily lignified, and the lumina

are sometimes filled with the granular deposit. Intercellular secretions

are evident in the peripheral region of the outer phloem and in some of

the cells of the pericycle. The inner phloem is, on the whole, normal^

Plate 39, A, shows a disorganized phloem group with the wheel-shaped

arrangement of the parenchyma cells surrounding it.

The diseased condition becomes more pronounced in the growing region

and especially in the nodal region of the upper part of the stem. Cross

sections through the upper three internodes show nearly all types of

pathological changes observed in this study. Plate 38, C, and Plate C,

figures I and 6, illustrate the formation of intercellular cavities between

the sieve tubes of an inner phloem group. The primary wall separates—

a

fact not easily observed in unstained material—and the space resulting

from the separation of these cells is filled with a yellow substance, gummy
and plastic in nature. Similar changes occur in the outer phloem (PI.

38, B, and PI. C, fig. 2). In more advanced stages the formation of

intercellular spaces has progressed to the extent of causing bending in

and crushing of the phloem cells. In the final stage of disorganization

the phloem cells are almost always filled with a granular substance, while

the walls themselves have become cutinized or undergone similar changes

(PI. C, fig. 4). Lignification of either cell wall or cell content has never

been observed.

The diseased condition is most severe in the nodal region of the upper

stem, and it is mostly the outer phloem that is affected. However,

cells of tissues other than the phloem exhibit pathological changes.

Plate 38, A, and Plate C, figure 3, show the effect of the disease in the

cells of the cortex and pericycle. The large cortical cells adjacent to

the fibers are filled with the granular precipitate, the walls themselves

having become cutinized, and the small triangular intercellular spaces

are filled with the yellow secretion. Intercellular spaces are seen to be

forming between the cells of the pericycle; they originate among the

outer fibers and gradually advance toward the cambium. The cells of

the pericy<;ie have become radially stretched and at the same time have

increased in number, forming a broad sheet of tissue between the fibers

and the primary phloem (PI. 42, A). In normal sections the primary

phloem groups, if not directly adjacent to the fibers, are almost always

separated by only one or two layers of cells.

A different type of pathological condition is sometimes observed in

both stem and leaf sections. Plate 39, B, shows a section taken from the

internodal region of the middle part of the stem. Only the cells of the
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inner phloem are afifected. The individual groups are normal in size;

there are a few cell wall thickenings, but no evidence of formation of

intercellular spaces. Most of the walls of the sieve tubes and companion

cells have become faint and in places are completely obliterated. The
cell content is mostly disorganized protoplasm. These diseased groups

take the cellulose stain, less distinct, however, than the normal cells.

The basal region of the stem and the underground parts are normal in

structure; the flowering axis has not been examined.

I^EAFROLIy IN MAGNUM BONUM VARIETY

The tubers were obtained from the Agricultural College, Copenhagen,

Denmark, and planted, together with other varieties under investigation,

in the disease garden of the Plant Pathology Department of Cornell

University. The plants grew normally at first; most of them, however,

developed signs of disease in late summer, though a few showed symptoms

of leafroll very early. Material for study was taken in late July from a

plant which was large and well developed, but the axillary shoots of

which were erect and broomlike in appearance. The lower leaves were

normal, the intermediate and upper ones reduced in size and folded along

the midrib. Discoloration of the leaves was only slight.

Microscopic examination of both stained and fresh material shows

that the vascular tissue of the midrib is abnormal in quantity with thick-

enings of the walls of the phloem adjacent the fibers (PI. 45, A). These

thickenings stain black with Haidenhein's hematoxylin—that is, they are

of cellulose. The lamina of the leaf, however, is severely diseased. The
partly obliterated cells are filled with a granular or globular deposit, which

is yellow in unstained sections and of the same nature as found in the

diseased cells of the phloem in the Paul Kruger variety. The petiole

shows also normal anatomical structures. The bundles of the petiolar

wings are above normal in size. Fibers in both external and internal

region are of unusually large number (PI. 45, B).

Stem sections, whether taken near the distal or the basal end, show

normal structures. The fibers here too are very plentiful. The external

phloem shows a large amount of secondary sieve tubes and medullary

ray tissue, all of which appears normal and functional.

LEAFROLIv IN EARI^Y ROSE VARIETY

The tubers were obtained from the same source as were those of the

Magnum Bonum variety; they were planted at the same time and re-

ceived the same cultivation and care.. The plants grew very unevenly.

A few of them attained normal size, but most of them remained small,

showing symptoms of severe leafroll. Plate 36 shows such a plant.

The stem is not above 15 cm. tall; the leaves are rolling, but are not re-

duced in size. There is slight, indistinct discoloration of the lamina.

The general amount and arrangement of the vascular tissue of the mid-

rib is normal. Fibers are wanting, and the phloem groups of the inner
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region show disorganization of cell content and partial obliteration of the

walls of the individual cells. The spongy parenchyma of the lamina is

abnormal in places; the cells in such a region are filled with a yellow

deposit and the walls themselves are of a yellow color. The petiole is

normally developed. Fibers are present, and the phloem cells in the

region of the inner fibers are more or less thickened.

Stem sections are, in general, normal. While the outer phloem shows

no evidence of pathological condition, the cell walls of the inner phloem

groups are partly destroyed and the protoplast disorganized. In no

instance, however, is there a thickening or discoloration of the walls of

these cells.

A summary of the results of microscopic study on European leafroU

shows the following conditions

:

1. Plants with symptoms of typical leafroll always show pathological

changes in the vascular tissue.

2. These pathological changes are the more pronounced the earlier

and more intense the external symptoms appear.

3. While the primary phloem groups are most commonly affected,

the cells of the pericycle and fibers as well as cortex are often found

diseased.

4. The phloem groups are shrunken and completely destroyed only

in rare cases. Most usually the cells of the groups are separated by

intercellular spaces; the cells may later be crushed and the cell content

changed into a granular or globular, gummy deposit. There is seldom

a complete destruction of the individual cells in a group and never a

sign of lignification.

5. The number of primary phloem groups destroyed is not always

very extensive, and since the development of secondary elements is very

pronounced the translocation of elaborated food material from the

leaves to the tubers is not prevented or only slightly interfered with.

DESCRIPTION OF AMERICAN LEAFROLL ON COLORADO MATERIAL

The cause of the falling off in yield of the Irish-potato crop in northern

Colorado in 191 1 was thought by local growers to be species of Fusarium

and Rhizoctonia, but others have believed that, though there is a varia-

tion in the external symptoms observed, the Colorado disease is the

type of leafroU described by Appel and other investigators in Europe.

The material for study was obtained from the Government station

at Greeley, Colo., and included one seedling and two standard varieties:

Netted Gem and Pearl. These plants were under observation through-

out the summer, the progress of the symptoms being recorded at definite

intervals.

LEAFROLL IN POTATO SEEDLING

The mature plant was dwarfed, erect and broomlike in appearance.

The leaves were reduced in size and folded characteristically along the

midrib. The seed piece was found unexhausted in the soil.
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Cross sections through the petiole show normal structures. A few

cells of the inner phloem have walls thickened adjacent to the fibers.

The cells of the epidermis, though normal in structure, are filled with a

dirty-gray granular precipitate. The stem tip, especially in the nodal

region, shows a few shrunken inner phloem groups. The cells of the

pericycle are slightly stretched radially; a few of the cells have become
separated and the intercellular spaces formed are filled with the yellow

secretion. Other cells in the same region, but including the cortex, are

filled with the granular precipitate (PI. 41, B) characteristic of the dis-

eased tissue in the plants of the Paul Kruger variety (PI. 38, A). The
S3miptoms become less pionounced lower down the stem; yet here and
there completely disorganized phloem groups are seen, especially in the

inner region.

EFFECT OF LEAFROLE NO. 15000 ON AN UNKNOWN VARIETY

This variety had been selected the previous year (191 5) for suspected

leafroll. The plants developed normally and attained a large size, be-

coming spreading later in the season. Symptoms suggestive of leafroll

appeared only late in the season. The leaves rolled in a funnel-shaped

fashion and showed a slight discoloration of the lamina.

A microscopic examination showed only slight pathological changes

in the distal region of the stem. A few intercellular spaces were noticed

between the cells of the outer phloem, and these cavities were filled with

the typical yellow excretion.

EEAFROEE OF THE NETTED GEM VARIETY

At least 40 per cent of the plants grown in one of the experimental

plots of the plant-breeding station at Greeley showed a characteristic

abnormal rolling of the leaves, and from these plants tubers were selected

in the fall of 191 6 to be grown the following winter in the greenhouse

of the Plant Pathology Department of Cornell University. The plants

developed normally at first; later the leaves turned yellow and became

dry in texture. Nearly all of the leaves showed symptoms of rolling, but

unlike that observed in typical leafroll.

Cross sections through petiole show pathological changes in outer

phloem and pericycle. In a few places the cells have become com-

pletely obliterated,, resulting in the formation of extensive cavities.

Other disease cells are filled with the granular precipitate (PI. 41, A),

in which are sometimes found embedded starch grains. Sections

through the median portion of the stem show all gradations of the

disease. Large intercellular spaces are found in the pericycle, and these

often extend to the cambium. The fibers of the outer phloem fre-

quently contain the granular deposit also.

A summary of the results of the study of types of leafroll from Colo-

rado shows the following conditions

:
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1. The pathological changes, though less intense, are of the nature

observed in the European disease.

2. Plants developing external symptoms of disease late in. the season

show normal histological structure of the vascular system.

3. The internal changes were most pronounced in the Netted Gem
variety. Although the tubers came from stock having the appear-

ance of leaf roll, the plants grown from them did not exhibit external

symptoms of typical leafroll.

DESCRIPTION OF AMERICAN LEAFROLL ON NEW YORK MATERIAL

The material was collected by the writer in the fall of 191 7 on the

occasion of an inspection trip through Ontario County, N. Y. The

disease was quite prevalent; in a few instances as many as 30 per cent

of the plants were found to be diseased. Only mature plants which

exhibited characteristic symptoms of leafroll were selected for study.

The material was put into fixing fluid at once and later dehydrated

and embedded in the laboratory in the usual way.

LEAFROI^Iy IN the; NEW YORK RURAL VARIETY

The material was collected in a field at Phelps, N. Y. The plant selected

was fairly large, erect, and bushy in appearance. The leaves were

slightly reduced in size and showed extreme rolling and reddish dis-

coloration along the margins of the leaflets.

A microscopic examination showed, on the whole, normal develop-

ment of the vascular tissue of midrib and petiole. In the outer phloem

of the midrib a few abnormalities in the nature of intercellular spaces

and stretching of the cells of the pericycle were found. In the petiole

there were diseased areas in cortex and pith; the afifected cells were

filled with the granular deposit.

Sections through the growing region of the stem showed pathological

changes of great intensity. Just below the insertion of the leaf in that

region large lysigenous cavities have formed which extend from the

cortex through the vascular ring into the pith. Longitudinally these

diseased areas extend into the petiole of the leaf as well as into the

upper part of the stem (PI. 42, B, and 43, B). The peripheral phloem

cells show thickenings of the walls; these thickenings are cellulose in

nature. A few of the cells of the outer phloem are filled with the gran-

ular precipitate. ^

Median stem sections show a well-developed, normal external phloem;

however the internal phloem groups are almost completely destroyed

(PI. 44, A, B). In unstained sections these diseased groups appear as

small, yellow, shrunken masses from which the parenchyma cells of the

perimedullary zone radiate in a typical manner. High magnification

shows that these groups are either the remains of shrunken and diseased

primary phloem elements, large intercellular spaces filled with the
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yellow secretion, or a combination of these. Plate C, figure 5, shows
such a group. We notice that most of the cells of the phloem are more or

less collapsed and filled with a granular precipitate ; between other cells

in the group intercellular cavities have been formed, the cells themselves

having remained normal.

The basal region of the stem is normal, with an occasional disturbance

in the inner phloem.

LEAFROLL IN TH© DOOLEY VARIETY, MATERIAI, A

The material was obtained from a field near Seneca Castle, Ontario

County. The plant selected for study was dwarfed, spindly, erect, and
broomlike. The leaves were slightly reduced in size and folded along

the midrib. Discoloration of the foliage is only noticeable along the

margin of the leaflets.

Sections through midrib show normal structures; a few of the groups

of the inner phloem have cells with walls and content disorganized. The
petiole is severely diseased (PI. 43, A) in that almost all of the external

and most of the internal phloem is necrotic. The vascular tissue of the

petiolar wings is abnormally developed; the large amount of phloem in

these groups is probably formed as a consequence of the destruction of

tlie phloem of the lateral and median bundles. Sections through the

basal region of the petiole show a decrease in the severity of the symp-

toms; there are a few diseased areas, especially in the outer region ex-

tending from the fibers in the peripheral and radial direction (Pi. 40, A, B).

Upper stem sections show the symptoms described for the basal part of

the petiole, perhaps less extreme. There are a few phloem groups com-

pletely destroyed; and in such a region the cells of the pericycle are

always radially stretched. A few cells of the cortex are also diseased

and filled with the typical granular deposit.

IvEAFROLE IN THE DOOLEY VARIETY, MATERIAL B

Material B was obtained in the same field. The plants showed symp-

toms of severe leafroll; reduction in size, broomlike appearance, rolling,

and pronounced reddish discoloration of the foliage.

Microscopic sections through the upper nodal region (midrib and petiole

were not examined) show normal structures except for one large dis-

eased area which extends from the cortex to the xylem, involving some

of the elements of the latter tissue. Other stem sections through both

nodal and internodal region show normal structures.

LEAFROLIv IN THE NEW YORK RURAE VARIETY

This material was obtained from another field in Ontario County.

The plants exhibited the symptoms described for the above variety,

but microscopic examinations failed to show extensive abnormalities.

A few stem sections showed diseased cells in the cortex which were filled

with the granular precipitate.
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A summary of the results of the study of types of New York State

leafroll shows the following conditions :•

1. There is not always a definite correlation between external symp-
toms and internal changes. Typical leafroll plants may not always

exhibit pathological changes in the tissues.

2. The type of necrosis is that described for European leafroll.

3. In case of severe attack, American varieties showed a more striking

pathological condition than did the European varieties under observation.

CONCLUSIONS

The anatomical studies of both European and American leafroll have

failed so far to show a distinct correlation with the external symptoms
exhibited by the plant. It is true that in case of severe attack, recogni-

zable by external symptoms as such, we get the same pathological con-

dition; but there are exceptions which do not permit a wide generaliza-

tion. Typical leafroll plants which early show external symptoms often

fail to show extensive necrotic conditions, while plants affected with

trouble apparently other than leafroll, exhibit severe pathological

changes in phloem and cortex. The writer, however, is fully aware that

only one generation of plants has been studied and consequently he is

not in a position to give full assurance that he was dealing always with

hereditary leafroll. Should a study of the progeny of these plants estab-

lish the heredity nature of the disease as well as the constancy in the

symptoms, it might then be possible to separate or unite the various

types of leafroll on the basis of these symptoms.

There is, however, some reason to suspect that the development of

necrotic tissues is not confined to plants affected with leafroll, but that

it is common to the so-called degeneration troubles in general, and per-

haps to others also.

The pathological changes are most striking in the distal, growing

region of the stem. In sections taken farther down and especially at the

basal region, signs of pathological changes are less frequent and often

not found at all. An acropetal advance of internal symptoms, as claimed

by Quanjer (6) for "secondary diseased" plants, has not been observed in

this study. Similar observations have been made by Schander and

Tiesenhausen (7) who report the earliest and most frequent occurrence

of phloem necrosis in the upper part of the stem and especially in the

region just below the insertion of the leaves.

The primary phloem groups are probably the first to suffer the effects

of the disease. The first symptoms, as far as this study is able to show,

consist of the separation of the primary walls of the phloem cells of an
individual group, resulting in the formation of intercellular spaces which

are filled with a secretion which is usually yellow in unstained sections.

In advanced stages the primary wall of the cells, bordering these cavities,

is also discolored. The size and extent of these spaces may increase to
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such a degree as to cause a collapse and folding in of the walls of the

phloem cells. Often, it appears, the formation of intercellular spaces,

though initial, is only an accompanying phenomenon; the pathological

changes in the cells of the phloem themselves proceeding so rapidly as to

cause a rapid cessation in function and final death. The diseased cells

become filled with a granular or globular deposit, probably metamor-

phosed protoplasm ; the cell walls themselves also undergo changes. The

deposit is resistant to acids, becomes bright yellow on treatment with

alkalis, and gives reaction for cutin; in no instance, however, could the

presence of lignin be shown, a fact already claimed by Schander and

Tiesenhausen (7), but disputed by Quanjer. It is of interest to note

that usually not all cells in a group become affected and even in very

extreme cases there are normal, functional cells within a diseased group.

The cells which thus remain normal are either parenchyma cells or sieve

tubes.

Accompanying the destruction of the phloem groups and the forma-

tion of intercellular spaces are changes in the parenchyma cells of the

pericycle and perimedullary zone consisting of a radial stretching of these

elements and sometimes in an increase in the actual number. Occasion-

ally the pericycle increases to such an extent as to form a band of tissue

between the outer fibers and the primary phloem.

An unusual type of phloem necrosis is sometimes observed in plants

affected wdth leafroll. The cells of the phloem are neither shrunken nor

chemically changed. The walls, hov.'ever, are very attenuate, in places

completely obliterated, or sometimes slightly swollen (PI. 39, B). The
protoplasm is abundant and usually disorganized. Whether this con-

dition is a step in the progress of the disease and is later followed by
cutinization or other chemical changes, the writer can not state. It does

not appear to be such though, since this condition is often found in fully

mature plants.

The formation of intercellular spaces is not always the first disease

phenomenon. In the internal region, near the fibers, a thickening of the

walls of both phloem and pith cells occurs. No chemical changes have

been demonstrated to accompany these swellings, and the walls remain

pure cellulose. Plate 38, D, shows the beginning of cell wall thickening

in a primary phloem group. Although this thickening is sometimes very

extensive, the cells themselves do not seem to be harmed thereby.

Necrosis, as we have seen, is restricted to certain areas {"difjeren-

zierete Nekrose" of Kiister; j, p. 309), notwithstanding the close anasto-

mosing of the individual groups of the phloem and the direct connection

of external and internal phloem through the leaf gaps. If a specific

virus is the cause of potato leafroll, one would expect all phloem groups

to be indiscriminately aff'ected. Very often, however, only certain

groups are diseased, and if the attack is severe the pathological condi-

tion may still be restricted either to the internal phloem or the external

88094°—19 4
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phloem alone. This condition might be explained by assuming that

the individual cells react differently toward the stimulus and that we

have a more or less complete antagonism in those groups of cells which

suffer only slightly or not at all. If, however, the toxin is localized or

the virus is produced in situ, differential necrosis of the phloem as well

as necrosis of certain cells of the cortex and pericycle becomes explainable.

The accumulation of starch in the diseased leaves, together with the

reddish discoloration suggests, of course, inhibition in the process of

translocation. This nonremoval of synthesized food material may be

caused by lack of minerals or by the partial or complete stoppage of the

path of translocation for these substances. In many instances necrosis

of the phloem could in itself account for inhibition in translocation even

if the phloem of petiole and midrib is mostly normal. In such cases the

phloem of the stem, near the point of the insertion of the leaf, is usually

severely diseased, much more so than in any other region of the stem.

The nonremoval of starch from leaves where necrosis of the phloem is no

factor of importance has still to be explained.

The rolling of the leaves and the characteristic xerophytic appearance

of the diseased plants is the resultant of many interrelated changes and
processes; such changes could not be produced by simple anatomical

disturbances; nor can the results be explained on merely a mechanical

basis.
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PLATE C

Camera-lucida drawing of diseased tissues of the Irish potato:

I.—Tranverse section of an internal phloem group showing initial stage in formation

of intercellular spaces. (Compare Plate 38, C.)

2.—Tranverse section of external phloem and pericycle showing the same condition.

3.—Transverse section of interfascicular region of mature stem showing necrosis

in xylem, cambium, medullary ray cells, and cortex.

4.—Transverse section of external phloem. The cells of the phloem are filled

with a granular deposit, yellow in color. Below these cells is seen a large inter-

cellular space filled with a secretion plastic in nature.

5.—Transverse section of internal phloem of mature stem, showing severe necrosis.

Note that a few cells in a group are not diseased. (Compare PI. 44, A, B.)

6.—Transverse section of internal phloem group, showing formation of a large inter-

cellular cavity extending up to the protoxylem and involving a few cells of the

phloem. The protoxylem cell above is filled with the yellow deposit.



PLATE 35

A.—Normal potato plant. Paul Kruger variety, Ithaca, N. Y., March, 1916.

B.—Potato leafroll in Paul Kruger variety. Note especially sliape of basal leaves

and reduction in the length of the internodes. Ithaca, N. Y., March, 1916.
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PLATE 36

Typical potato leafroU in Early Rose variety. Ithaca, N. Y,, July 30, 1917.



PLATE 37

Typical potato leafroll in Paul Kruger variety. The plant to the left in the

photograph is normal, the one to the right diseased. Ithaca, N. Y., July, 1917.
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PLATE 38

A.—Cross section through upper part of stem, showing necrosis in outer phloem and
cortex. X 104.

B.—Cross section through distal region of stem, showing formation of intercellular

spaces in outer phloem and cortex, x 400.

C.—Cross section through distal region of stem, showing formation of intercellular

spaces between the cells of the inner phloem, x 800.

D.—View of another phloem group showing cell wall thickening, x 320.



PLATE 39

A.—Cross section through lateral bundle of petiole showing a diseased phloem

group in the internal region and the effect of necrosis on the surrounding parenchyma.

X 130.

B.—Cross section of stem showing an unusual type of necrosis. X 130.
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PLATE 40

A.—Cross section of stem showing granular deposit in cell of cortex and formation

of intercellular spaces proceeding from the region of the fibers centripetally. X 450-

B.—Cross section of stem showing large schizogenous cavity between cells of peri-

cycle and cortex and centripetal advance of the formation of intercellular cavities.

X 45°-



PLATE 41

A.—Section of middle portion of stem showing necrosis in cells of cortex and pri-

mary phloem. X 130.

B.—Cross section of middle portion of stem showing diseased areas in pericycle

and outer phloem. X 130.
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PLATE 42

A.—Cross section of intemodal region of upper part of stem showing radial stretching

of the elements of the pericycle. X 130.

B.—Longitudinal section of nodal region of upper part of stem showing extent of

necrosis. X 130.



PLATE 43

A.—Cross section of petiole of mature plant showing severe necrosis. All of the

outer phloem and part of the inner phloem groups are destroyed. The adjacent

cells of the cortex are also disorganized. X 130.

B.—Cross section of nodal region of stem tip showing formation of large lysigenous

cavities extending from cortex to pith and involving inner phloem groups and meta-

sylem. X 130.
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PLATE 44

A.—Cross section of stem of mature plant, showing necrosis of internal phloem

together with radial elongation of the cells of the perimedullary zone. Outer phloem

is well developed and normal. X 130.

B.—Enlarged view of a necrotic internal phloem group. Almost all of the cells in

a group are filled with a granular precipitate. X 400.



PLATE 45

A.—Cross section of midrib of mature plants (Magnum Bonum), showing abnormal

development of the vascular tissue with thickenings of the walls of the phloem

adjacent to the fibers. X 130.

B.—Cross section of petiole of mature plant, showing abnormally large development

of the vascular tissue of the petiolar wings. X 130.
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BACTERIOIvOGICAIv STUDIES ON ALFALFA SIEAGE „t'^'
By O. W. Hunter «OTan»

Dairy Bacteriologist, Kansas State Agricultural Experiment Station O.AJ.: >.

INTRODUCTION

The practicability of making silage from alfalfa has been under inves-

tigation at this Station for several years. During the spring of 1914

the Dairy Department erected seven small stave silos, estimated to hold

10 tons each, for experimental purposes. The silos were filled with the

following combinations

:

Alfalfa alone.

Alfalfa 10 parts and com chop i part.

Alfalfa 20 parts and blackstrap molasses i part.

Alfalfa 10 parts and alfalfa-molasses feed i part.

Alfalfa 4 parts and straw i part.

Alfalfa 2 parts and green rye i part.

Rye alone.

In the spring of 191 5 the silos were again filled, but with the following

combinations

:

Alfalfa alone.

Alfalfa 20 parts and blackstrap molasses i part.

Alfalfa 10 parts and blackstrap molasses i part.

Alfalfa 10 parts and com chop i part.

Alfalfa 6 parts and sweet-sorghum stover i part.

Alfalfa 2 parts and green rye i part.

Rye alone.

The exact ratio of the alfalfa and supplements in some cases varied

slightly from the general plan outlined. Detailed information relative

to this ratio and to filling the silos may be found in the report of Reed
and Fitch {15)} Chemical analysis of the silage was made each year

by the Department of Chemistry, while the microbial content was deter-

mined by the Department of Bacteriology.

Reed and Fitch (75, p. j) concluded from these investigations that

—

(i) Alfalfa will make a fairly good quality of silage, and it will be readily eaten by
cattle iffed within a few months after being siloed.

' Reference is made by number (italic) to "Literature cited," p. 591-592.

Journal of Agricultural Research, Vol. XV, No. 11

Washington, D. C. Dec. 11, 1918

qq Key No. Kans.-i6

(571)



572 Journal of Agricultural Research voi.xv. No. n

(2) The addition of carbohydrate material, such as com meal, blackstrap molasses,

sweet-sorghum stover, and green rye, when put into the silo resulted in pre-

serving it for a longer time than when alfalfa was siloed alone.

(3) Of the supplements used in these experiments blackstrap molasses proved to be

the best, com chop was next in order, followed by sweet sorghum stover and

green rye.

(4) The mixture of alfalfa and blackstrap molasses was the most practical one used.

(5) There is as much acid produced in alfalfa silage as in kafir or cane silage.

In a preliminary report pertaining to this investigation, Swanson and

Tague (17, p. 2g2) state that

—

(i) Most of the acids present in alfalfa silage are produced in the first two weeks.

(2) The addition of supplements insures a more rapid and plentiful production of acids^

(3) Sugar present in the material used in making silage disappears very rapidly^

Completely matured silage contains no sugar.

(4) Molasses was the most effective supplement.

(5) Alfalfa as it is put into the silo contains only a small amount of nitrogen in amino

form.

(6) Alfalfa silage contains a large amoimt of nitrogen in the amino form. In good

silage about one-third of the nitrogen is in this form, and in bad alfalfa silage

amoimt is sometimes one-half of the total nitrogen.

(7) Most of the change of nitrogen into amino form takes place in the first 10 days.

BACTERIOLOGICAL INVESTIGATIONS IN 1914

METHODS OP PROCEDURE

It was planned to collect samjjles for analyses at the time of filling the

silo, each day after filling for seven days, every other day for the next

week, every four days for the following two weeks, then once a week, and

finally once a month until the silo was opened. While circumstances

came up which interfered with this schedule at various times, this general

plan of procedure was followed. The silage for analysis was obtained

from the silos from a small hole about 2 inches in diameter bored into

the side of the silo about 2 or 3 feet from the level of the ground. The

samples of silage were collected in sterile containers by means of a large

extension auger. 'After the required amount was obtained, the holes

were tightly stoppered with paraffined corks. The general practice

was to collect the samples, as aseptically as possible, from new holes each

time. They were removed to the laboratory and examined imme-

diately after collecting them.

BACTERIOLOGICAL TECHNIC

Twenty gm. of the silage were placed in 200 cc. of a sterile physiolo-

gical-salt solution and thoroughly shaken. The necessary dilutions

were made according to standard methods.

Plain agar was used for determining the total number of microor-

ganisms.

Glucose-acetic-acid agar was used to determine the total number of the

Bulgarian types of organisms present. The medium was i per cent



Dec. i6, 191S Bacteriological Studies on Alfalfa Silage 573

glucose agar, to which was added i cc. of a i per cent sterile acetic-acid

solution. The acid solution was added directly to the plates and the

glucose agar was mixed with it when the plates were poured. Lactose

agar was used in place of glucose agar in the preliminary work, but from

subsequent work it was observed that the glucose medium favored this type

of organisms more than the lactose agar. The small amount of acid

added was sufficient to check practically all types of organisms except the

Bulgarian group and the yeasts. After a little experience there was no

difficulty in distinguishing between these two types, on account of their

characteristic colonies.

Litmus-lactose agar was used to determine total numbers, as well as the

acid and neutral types, of microorganisms.

Bile lactose fermentation tubes were employed in determining colon

organisms. The Dunham fermentation tubes were inoculated with

dififerent dilutions of the silage extract. The tube with the highest

dilution showing gas production was used as an estimate of the total num-
ber of organisms of the colon group present. To substantiate further this

presumptive test, different dilutions were plated out from time to time,

and the organisms of the colon type isolated and identified.

Glucose fermentation tubes were used in determining the total number
of yeasts present by noting gas production in the different dilution tubes.

To be certain that the gas was due to yeast fermentation, stained prep-

arations were made from each dilution and examined for the presence of

yeast cells. If gas was present and no yeast could be dernonstrated, it

was taken for granted that the gas formation was not due to yeasts, but

to other causes. The yeast count from the acid agar was used to check

this method, and they compared very favorably. The general rule, how-

ever, was that higher numbers were obtained from the fermentation

tubes than from the plates.

All media used were made from Liebig's beef extract, and a reaction

of 4-1.0 to phenolphthalein required. The period of incubation, unless

otherwise stated, was always four days at 37.5° C. The long period of

incubation was used to favor the complete development of the Bulgarian

type. The enumeration of all plates was done by the aid of a hand lens.

The principal and predominating types of microorganisms as they ap-

peared on the dift'erent media from time to time were isolated. A mor-

phological, cultural, and biochemical study was made from the organ-

isms thus isolated.

,

Stained preparations were made directly from the silage infusion in

order to check the results of the cultural analysis. It seemed unneces-

sary to employ the use of synthetic media after comparing the micro-

scopic appearance of the silage infusion with the results obtained from

the culture media, as the media gave a very good estimate of the true

microbial content of the silage.
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EXPERIMENTAL DATA

The silos were filled, beginning on May 23, 1914, with the first cutting

of alfalfa, and were opened in January, 191 5. The condition of the

silage, when the silos were opened, is well described by Reed and Fitch

{15, p. lo-ii) :

In most cases the silage had settled five or six feet from the top of the silo and had

drawn away slightly from the wall at the surface. The exceedingly dry, hot weather

of 19 14 perhaps caused more drying than would have occured during a normal year.

The upper two feet of silage was spoiled in all the silos. The silage made from alfalfa

alone was very dark in color and it had a disagreeable odor, which is characteristic of

alfalfa when preserved in the silo. The mixtures of alfalfa and com chop, alfalfa and

molasses, alfalfa and molasses feed, all showed a dark-green color. All of the mix-

tures had a strong odor. The moisture content of all mixtures except the alfalfa and

rye was very low. * * * The mixtures of alfalfa and straw, and alfalfa and molasses

feed did not make a good quality of silage. On the whole, the results obtained in this

trial were not satisfactory.

The palatability test as determined by the Dairy Department demon-

strated that cattle prefer the mixtures in the following order: Alfalfa

and molasses, alfalfa and corn chop, alfalfa alone, alfalfa and rye, alfalfa

and molasses feed, alfalfa and straw, and rye alone.

The acidity of the silage as determined by the Chemistry Department

indicated that all the material underwent a normal acid fermentation.

The acidity for the silage, when the silos were opened was as follows:

Alfalfa alone 1.63 per cent, alfalfa and com chop 1.84 per cent, alfalfa

and molasses 2.28 per cent, alfalfa and molasses feed 2.03 per cent, al-

falfa and straw 1.37 per cent, alfalfa and rye 1.24 per cent, and rye alone

2.79 per cent.

The results obtained from the bacteriological analyses are given in

Table I.

In general, the bacteriological data were unsatisfactory. Little evi-

dence was gathered to account for the differences noted in the quality

of the various kinds of silage. The microbial flora of alfalfa silage is very

similar to that of silage made from the common forage crops, the four

principal types of organisms being (i) acid producers, (2) yeasts, (3)

organisms of the colon group, and (4) miscellaneous. As in normal silage,

the acid producers, as a rule, predominated in alfalfa silage. Yeasts and

the organisms of the colon group had a tendency to coincide in their

course of development in the silage. It has been observed from the

study of the fermentation processes in a good quality of silage that these

two groups rapidly increase in numbers for the first few days, then grad-

ually diminish. While the same tendency was indicated in the different

kinds of alfalfa silage, it was more marked in some than in others.



Dec. i6, 1918 Bacteriological Studies on Alfalfa Silage 575

•t^

b5

^

00000 00000000 00000000
00000

000000 000000000000000
000000

000000000000
o 0000000000
o 0000000000

O 1 o o t o o

000000000000000000000000

1st
a a
tc g
CD 2

5,9

00000000000000
0000000000000000

00000

000000
O O O O O Q

0000000

00000008000006000000

o o o 0.0

0000000

0000000

00000

I -^vO r^cO Ov *



576 Journal of Agricultural Research Vol. XV. No. n

oooooooooooooooooooooooo

d

^

tq

^

£:^Sa

<<

oooooooooooooooooooooOOOOOOiHuOO O OOm o

O O O O O O QO O O o o o o
o o o o o o o

o o o o
oooooooo

o o o o o o

lOE^OO-^OooOHtOr^O .00000

000000000800000000oooooooo
000000000

000000000000000000

000000000000OOOOO""'"""""0000000
00000 000000oooooooooo
OOu~. OOOwO"

OOOOOOOOOOQQOOO000000000000000000000000000000
0000600000

000000000000OOOOOOOOOOnOO
00 O r^ CTv a* t-t

§8



Dec. i6, 1918 Bacteriological Studies on Alfalfa Silage 577

000000000

00000 0000000000

00000
00000 00000

>^ O O O O M
> t- O O O O t^

0000000

000000000000000000000000

0000000000

000000

000000

> o o o o o

W5 -^t lO-O O
(*> fO ^t loo

I r^ 0< « o

3 9 9 9 9 9 9 9 •=-•=•§ n 9-r.

00000000

000



578 Journal of Agricultural Research Vol. XV, No. II

c
oo
I

0\

5^.

lij



Dec. i6, 1918 Bacteriological Studies on Alfalfa Silage 579

800000
O O O QO O M O O

0000000000000000

0000000000 00000

0000000000
000000

000000000

00000000000

OOOOOOOOvOOOO«C« IrtNO 00 « »A

\0 t^oo O* w « m -^oo O lOivO roO M ^')^*^

oaacaoaaaaatsc^£^3333333333333 3 3 3

00 R OJ o

00

OOOOOOmO
0000

000000

0000000000mOOQmm"""" 0006"

000000
00000

I o o o o o00000
Tf O ^O f^ M M

000000000

sO^NM roOMOO Q »0 00

M ^ O M O O

0MM«"r»rtOr^00^w«r<)TtGC0"»^0**O(*^0Mf*ir~.io

I ! : ! ! ! ! ! ! ! I ; ; : I ; : I ; ! ! ioo •
!•••••••••••••••••• h o••••••:

. .-^ ^ u

J2.2w33s3333333333333333wii



580 Journal of Agricultural Research vo1.xv.no. n

It has likewise been demonstrated from the study of many classes of

silage of high quality that the general course of development of the total

microbial flora is slow to rapid, usually covering a period of a few days to

two weeks, followed by a gradual decline. The data in Table I in-

dicate a like tendency, but the characteristic development is not so pro-

nounced as would be expected from a good grade of silage. This is par-

tially explained, however, by the method used in sampling and also by

the small capacity of the silos used, which did not favor optimum silage

fermentation. The method of sampling, no doubt, accounts for a large

portion of the variations noted, since the method did not always allow

the collecting of proportionate amounts of leaves and stem, or where

supplements were added of proportionate amounts of alfalfa and the

supplement.

BACTERIOLOGICAL INVESTIGATIONS IN 1915

The seven silos were again filled in the spring of 191 5 with alfalfa and

the supplements previously mentioned. The general plan of study was

the same as for 191 4.

However, glucose-litmus broth was used to determine the total number

of acid producers. It was prepared by using i per cent glucose broth to

which a few drops of litmus solution had been added. Several tubes of

this medium were inoculated with different dilutions of the silage in-

fusion and incubated. The total acid producers were determined by

noting the acid reaction in the highest dilution present.

This method was used in place of a litmus-agar medium because a

more accurate estimate of the acid producers could be obtained. If on a

litmus-agar plate the acid colonies are few and other types predominate,

the colonies may fail to appear acid on account of the neutralization of

the acid by the alkaline by-products from the other types. The or-

ganisms in the glucose-broth solution are not held in one place, as they

are in the solid-agar media. This, together with the fact that the glu-

cose broth acts as an enrichment medium for the acid group, gives better

opportunity for the acid bacteria to increase more rapidly than the mis-

cellaneous organisms. Likewise, the acid produced from the more rapid-

growing acid bacteria is sufficient to check the slower development of the

miscellaneous types. The dilution method is more tedious, but, pro-

vided the differences between the dilutions are small, the results ob-

tained are more satisfactory and more accurate. Plain gelatin was used

to determine the protein-digesting types. Not having a satisfactory

place for the incubation of gelatin plates, sterile tubes of gelatin were

inoculated with varying dilutions of silage, and incubated at 37.5° C. for

five days. The number of liquefiers were determined by placing the

gelatin tubes in the ice box, after their removal from the incubator.

From previous experience it has been found that a tube of digested gela-

tin will not solidify on cooling. Hence, by noting the highest dilution

showing liquefaction after cooling, the number of liquefiers can be esti-
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mated. By the use of small dilutions and more tubes, the results are

probably more accurate than those obtained from the usual method of

counting the liquefying colonies on gelatin plates.

EXPERIMENTAL DATA

The silos were opened on December 20, 191 5, six and one-half months
after being filled. The silage from all silos was of much better quality

than that obtained the previous year. This was due, no doubt, to the

greater care taken in packing and filling the silos {15, p. 13-15) and also

to the supplements used. The strong offensive odor common to the silage

produced in the first year's work was present only in the alfalfa and in

the alfalfa-and-rye silage. The palatability test as determined by the

Dairy Department demonstrated the feeding quality of the silage to be
as follows: Alfalfa and molasses 20 to i, alfalfa to molasses 10 to i,

alfalfa and com chop, alfalfa and sweet-sorghum butts, alfalfa and rye,

alfalfa alone, and r3'e alone.

The data obtained by the Chemistry Department, published by Swan-
son and Tague (77), failed to show the relative differences between
the different kinds of silage. The alfalfa silage, like that in the previous

year's work, exhibited the lowest acid content. The greatest, and prac-

tically the only characteristic difference observ^ed from the chemical
data was the total amount of acid produced. The acidity of alfalfa

silage, calculated as lactic acid, on the last day examined, when 211
days old, was 1.72 per cent; alfalfa and molasses 20 to i, 208 days old,

2.89 per cent; alfalfa and molasses 10 to i 206 days old, 3.55 percent;
alfalfa and com chop 10 to i, 204 days old, 3.36 per cent; alfalfa and
sweet-sorghum straw 6 to i, 198 days old, 2.19 per cent; alfalfa and rye

2 to I, 198 days old, 2.5 per cent; rye alone, 198 days old, 1.95 per cent,

The calculated percentage of amino nitrogen failed to exhibit any
characteristic difference between the various types of silage.

The bacteriological results are tabulated in Table II.

Table II.

—

Microbial content of various kinds of silage—Experiments of igi^

ALFALFA

Date.
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Table II.

—

Microbial content of varioxis kinds of silage—Experiments of IQ15—Contd.

ALFALFA AND MOLASSES 20 TO I

Days.

Number of microorganisms per gram of silage.

Total.
Total acid
producers.

Bulgarian
group.

Gelatin
liQuefiers.

Colon type.

May 19
20
21

24
26

29
June I.

s-

12

18
July 2

.

Aug. 6.

28
Oct. 16
Dec. 20

24
30
44
97
10

1

ISO

21S

4,000,

70,000,
200, 000,

900, 000,

400, 000,

100,000,

18,000,

40, 000,

50,000,

3,000,
10,000,

40D,

520,

15>

50,000,

10,

1,000,

1,000,

100,

1,000,

10,

1,000,000,000
, 000, 000
,000,000
,000,000
,000,000
,000,000
,000,000
, 000, 000
,000,000
,000,000
,000,000
,000,000

1,000
100,000

290, 000

3, 000, coo
25,000,000

300,000,000
75,000,000
20,000,000
40,000,000
30,000,000
3,000,000
1,000,000
3,000,000

1,000
11,000

5,000,000

100
,000
.000
, 000

, 000
,000
,000
,000
,000
,000

10,000
1,000,000

10, 000, 000
1,000,000

1,000
1,000

100

100,000
1,000,000

10,000
10,000,000

o
100

1,000
100

1,000

ALFALFA AND MOLASSES lo TO I

May 22
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TabIvE II.

—

Microbial content of various kinds of silage—Experiments of igiS—Contd.

AIvFALPA AND RYE

Days.

Number of microorganisias per gram of silage.

Total.
Total acid
producers.

Bulgarian
group.

Gelatin
liquefiers.

Colon type. Yeasts.

June I

Jtine 2

Jime4
June 7

June 9
June II

June 14
June 18
July 2

August 6 . .

.

August 28.

.

October 16.

.

December 20

137
202

50,000,
400,000,

1,000,000,

300,000,
60,000,

240,000,

45,000,
20,000,

15,000,
10,000,

2,000,

3,000,
2,000,

1,000,

100,000,
I , ooo, 000,

10, 000,000,
100,000,

100,000,

10,000,

10,000,
100,000,

1. 000,

1,000,

1,000,

1,000,

210.000
40,000,000

1,000,000,000
270,000,000
50,000,000
60,000,000
10,000,000
10,000,000
5,000,000
I , 000, 000

100,000
250,000
200,000

,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
.000

,000
,000

100,000
10,000,000
1,000,000

1,000
o

100
100

100,000
10,000,000
1,000,000

1,000
1,000

100

RYE

Jime I
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The results obtained from these two years' investigations indicate

that alfalfa when siloed alone undergoes a typical silage fermentation

but that the final product is of a very poor quality. The fermentation,

so far as has been observed, is caused by a microbial flora, practically

identical with that obtained from silage made from the common forage

crops.

However, when a fermentable carbohydrate supplement, such as

molasses, corn chop, or sweet sorghum is added to alfalfa at time of

siloing, a good quality of silage is produced. Little difference was noted

between the microbial flora of such silage and that made from alfalfa

alone. The chemical results indicate that more acid is produced in the

silage containing the carbohydrate supplements than in that from alfalfa

alone. The chemical and bacteriological data fail to offer sufficient

evidence to account for the physical differences noted between the two
types of silage.

The offensive odors noted in the alfalfa silage are no doubt the result

of protein decomposition. By the addition of available carbohydrates

this decomposition is checked, and a good quality of silage is the result.

EFFECT OF CARBOHYDRATES ON THE QUALITY OF ALFALFA SILAGE

Lipman and his associates {13, 14) have demonstrated that utilizable

carbohydrates when added to soil will hinder amraonification. Kendall

and his coworkers (7-70), in studying the metabolism of bacteria, have

likewise noted the protein-sparing effect of carbohydrates. That fer-

mentation precedes putrefaction, when organisms are grown in media
containing both protein and carbohydrates, has also been observ^ed by
Kligler {11) and Waksman {18).

Experiments were conducted for the purpose of observing under lab-

oratory conditions the effect of carbohydrates upon alfalfa-silage fer-

mentation.

Green and cured alfalfa was siloed in sterile milk bottles in the labora-

tory, with and without carbohydrates. The bottles were hermetically

sealed and placed in the dark at room temperature. In those cases

where cured alfalfa was used sufficient water was added to make up the

proper moisture content. Upon opening the bottles the entire contents

of each were finely ground by running through a sterile meat grinder,

care being taken to handle as aseptically as possible.

Twenty gm. of this ground forage were placed in a 200-cc. sterile

water blank, and from this the required dilutions for the bacteriological

analysis were made.

For the chemical analysis 100 gm. of the ground forage were shaken

in 1,000 cc. of distilled water for one hour. This was filtered, and an
aliquot part of the filtrate used for the various chemical examinations.

Twenty gm. of the ground forage were used for moisture determination.
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The bacteriological analysis varied slightly in the different experi-

ments, but the technic employed is the same as reported in the previous

work. Except in some cases, casein agar was used for the determina-

tion of casein digesters, and all gelatin cultures were incubated for 10

instead of 5 days. The chemical analyses included moisture, acidity,

amino nitrogen, and ammonia determinations. The acidity readings

are expressed in number of cubic centimeters of NI20 sodium hydroxid

required to neutralize 100 gm. of silage. The amino nitrogen was
determined by Van Slyke's method, and recorded as milligrams per 100

gm. of silage. The ammonia was determined by direct colorimetric read-

ings of extracts of the ground forage and recorded as milligrams per 100

gm. of silage. All data are calculated upon a moisture-free basis.

Three series of experiments were conducted, the first beginning on June
8, 1917, the second on June 25, and the third on July 10.

In the first series 15 milk bottles were filled with alfalfa and 15 with

alfalfa plus 5 per cent of cane sugar added as a supplement. The first

cutting of alfalfa was used in both cases. The results are given in

Table III, first series.

The following notes pertaining to the aroma of the silage were recorded

as the bottles were opened for analyses

:

June 13. Alfalfa alone, odor good; alfalfa and cane sugar, odor good.

June 15. Alfalfa alone, odor good; alfalfa and cane sugar, odor good.

June 18. Alfalfa alone, odor not so good; alfalfa and cane sugar, odor good.

Jtme 20. Alfalfa alone, odor not so good; alfalfa and cane sugar, odor good.

June 22. Alfalfa alone, undesirable odor; alfalfa and cane sugar, odor good.

September 5. Alfalfa alone, undesirable odor; alfalfa and cane sugar, odor good.

November 20. Alfalfa alone, imdesirable odor; alfalfa and cane sugar, odor good.

The alfalfa silage at the conclusion of the experiment had the char-

acteristic offensive odor which had been observ^ed from the alfalfa silage

made in the wooden silos. The alfalfa to which 5 per cent of cane sugar

had been added produced a good quality of silage with a pleasant sour

aroma.

The data submitted in Table III, first series, demonstrate that

—

(i) There was little difference in the microbial flora of the two types

of sileage.

(2) Both types exhibited a normal microbial curve of development

—

namely, a rapid increase of numbers for the first week, followed by a

decrease.

(3) The acidophylic organisms are the predominating group.

(4) The gelatin liquefiers were inactive in the fermentation.

(5) The acidity produced was characteristic of alfalfa silage. The
silage produced from alfalfa with a carbohydrate supplement contained

a higher acid content than the alfalfa alone.
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(6) More amino nitrogen wasformed in the alfalfa silage than in the alfalfa

and carbohydrate silage. This difference is clearly shown in figure i

.

(7) Carbohydrate supplements exert a protein-sparing effect.

In the second series of experiments begun on June 25, 10 milk bottles

were filled with cured alfalfa and the same number with cured alfalfa plus

5 per cent of cane sugar. The alfalfa used was of the first cutting, having

been cut on June 8. The data are presented in Table III, second

series.

In the second series it was observed that alfalfa alone did not produce

undesirable odors as rapidly as in the first series. The offensive odor was

in evidence, however, on September 4, 72 days after siloing. The alfalfa

with the supplement had a good odor until the series was discontinued,

November 20, a period of 148 days. %

A study of the data in Table III, second series, reveals the same general

conclusion as observed in the preceding experiment. Curves showing the

amino-nitrogen deter-

minations of this series

are shown in figure 2.

The third series of

experiments were con-

ducted \\dth the second

cutting of alfalfa with

and without cane sugar

as in the previous ex-

-Tio
—

740 160 ii< periments. The results

Fig. I.—Graphs showing protein-sparing effect of carbohydrate in ^^^ given m iaDie ill,

alfalfa-silage fermentation, first series. third SCricS.

The quality of the silage as determined by odor was as follows

:

July 16. Alfalfa alone, odor slightly undesirable; alfalfa and cane sugar, odor good.

July 26. Alfalfa alone, odor luidesirable ; alfalfa and cane sugar, odor good.

August II. Alfalfa alone, odor undesirable; alfalfa and cane sugar, odor good.

September 5. Alfalfa alone, odor tandesirable ; alfalfa and cane sugar, odor good.

November 20. Alfalfa alone, odor very tmdesirable; alfalfa and cane sugar, odor good

The results presented in Table III, third series, are very similar to

those of preceding experiments. In this series casein agar was used

for the determination of casein digesters. The data obtained from this

medium are in most respects very similar to those obtained from the

use of gelatin. The ammonia determinations indicate the sparing effect

of sugar upon the protein, as also do the amino-nitrogen determinations.

The ammonia and amino-nitrogen determinations are plotted as curves

in figure 3. They indicate the same general results as the curves plotted

from the previous data.

It thus appears that physical and chemical differences between the

two types of alfalfa silage were established. The data further demon-

strate that the carbohydrate acts as a protein sparer.
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f^G.

Fig. -Graphs showing protein sparing effect of carbohydrate
in alfalfa-silage fermentation, second series.

The problem was discontinued at this point on account of the author's

entering other work for the period of the war. As a result, the causa-

tive agents of the protein decomposition were not determined. How-
ever, the following suggestions pertaining to this question are offered:

It is recognized that the decomposition must be the result of microbial

or plant-enzym activity or their associative actions. Previous publica-

tions issued from this

laboratory mention the

importance of microor-

ganisms in silage fer-

mentation (5, 6). From
these results it is con-

cluded that the major

fermentation processes

in silage ripening are

the result of microor-

ganisms. That plant

enzyms are active is not

doubted, but their ac-

tivities are of minor

importance. Lamb in

a recent paper on
corn-silage fermentation (12) concludes (a) that bacteria are mainly
responsible for the acid production and the disappearance of sugar;

(b) that alcohol results from enzym activity first, but later by yeast

fermentation; (c) that protein decomposition is caused by enzyms first,

and later by microorganisms; and (d) that carbon dioxid is liberated by
enzymic or respiratory

changes primarily, but

that yeasts are influ-

ential after the first

day or two.

Observations of si-

lage made under lab-

oratory conditions at

this Station indicate

that yeasts are the

primary factors of al-

cohol and carbon-

dioxid production. In

the study of the mi-
crobial flora of silage it was noticed that as a rule the curve of yeast devel-

opment indicated a very rapid increase of yeast cells within the first two or

three days followed by a rapid to gradual decrease. It was further no-

ticed that during the period between 12 and 72 hours after siloing the
material underwent a violent fermentation, with the liberation of large

amounts of carbon dioxid. During this early fermentation considerable

Fig. 3.—Graphs showing protein-sparing effect of carbohydrate in

alfalfa-silage fermentation, third series.
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difficulty occurred in keeping the bottles sealed. This was finally accom-

plished by wiring the rubber stoppers and sealing with paraffin. That

this fermentation was quite active was likewise noted by the bursting of

several of the stoppered bottles during this stage. Forage siloed in the

presence of chloroform failed to show this characteristic fermentation;

nor did the material when opened indicate any signs of fermentation

common to silage.

It is a natural assumption that yeasts would reach their maximum
numbers and thereby cause an active fermentation in the early period

of siloing. This active growth continues until the free oxygen has been

consumed. At this stage their growth will be retarded somewhat by the

anaerobic conditions produced, and finally checked by the acid fermenta-

tion. As a result of this yeast fermentation more or less alcohol is pro-

duced, but on account of the presence of the oxygen incorporated in the

material when siloed, active growth development is stimulated probably

more than alcoholic fermentation. The slow accumulation of alcohol

may result from the small number of yeast cells, which persist in the

silage for some time, or to zymase liberated from the degenerated yeast

cells, or from plant enzyms.

Sherman and Bechdel {i6), in a late publication pretaining to corn-

stover silage give as their opinion that the role of microorganisms is not

as important as that of plant cells. The data offered are too meager and

of such a character as not to justify their conclusion.

It is entirely plausible that plant enzyms may cause the protein decom-

position noticed in the alfalfa silage. In view of the fact, however, that

no such decomposition was observed in alfalfa siloed with chloroform

and that chloroform is supposed to offer little injurious action upon such

types of proteolytic enzyms, it appears that the cause it to be looked for

elsewhere.

It is suggested that at least a small part of this proteolytic action may
result from the ability of the acid producers to utilize protein as a source

of energy in the absence of available carbohydrates. This digestive

effect of the lactic acid bacilli has been demonstrated by Bertrand and

Weisweiller (i), and Heinemann and Hefferan {4). Likewise, Hastings

and his coworkers {3) show that from the analyses of pure lactic acid

milk cultures, the percentage increase of soluble nitrogen varied from

12.5 to 62.5. Hart, Hastings, Flint, and Evans {2) have demonstrated

the ability of Bacillus casei to produce ammonia. Hastings found large

numbers of the B. bulgaricus group in chedder cheese, and concluded

that, since they develop after the fermentation of the sugar, they must

have some other source of carbon and energy than milk sugar.

No study of the anaerobic flora of the silage was made, but it would

not be surprising to establish some proteolytic action with an anaerobic

flora.
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CONCLUSIONS

(i) Silage made from alfalfa alone is of an inferior quality. By the

addition of an available carbohydrate supplement, a good quality of

silage may be produced.

(2) The microbial flora of the two types of silage, so far as noted, was
practically identical.

(3) The chemical data demonstrate that alfalfa with a supplement

produced a higher acid content than alfalfa alone.

(4) Alfalfa silage shows a greater amount of protein decomposition, as

evidenced by the amino-nitrogen and ammonia determinations.

(5) The decomposition of protein was checked by the addition of a

utilizable carbohydrate.

LITERATURE CITED

(i) Bertrand, Gabriel, and Weisweiller, Gustav.

1907. EINWIRKUNG DES BUtGARISCHEN FERMENTES AUF DIE MILCH. In Liebig's

Ann. Chem., Bd. 351, p. 486-503.

(2) Hart, E. B., Hastings, E. G., Funt, E. M., and Evans, Alice C.

I914. RELATION OP THE ACTION OF CERTAIN BACTERIA TO THE RIPENING OF

CHEESE OF THE CHEDDAR TYPE. In Jouf. Agf. Research, v. 2, no. 3,

p. 193-216. Literature cited, p. 214-216.

(3) Hastings, E. G., Evans, Alice C, and Hart, E. B.

I912. STUDIES ON THE FACTORS CONCERNED IN THE RIPENING OF CHEDDAR
CHEESE. In Wis. Agr. Exp. Sta. Research Bui. 25, 54 p., 6 fig. Also

published as U. S. Dept. Agr. Bur. Anim. Indus. Bui. 150, 1912, under
the title. The bacteria of Cheddar cheese.

(4) HeinEmann, p. G., and Hefferan, Mary.

1909. a study op baclllus bulgaricus. In Jour. Infect. Diseases, v. 6, no.

p. 304-318, 5 fig.

(5) Hunter, O. W.
I917. microorganisms and HEAT PRODUCTION IN SILAGE FERMENTATION.

In Jour. Agr. Research, v. 10. no. 2, p. 75-83, ro fig. Literature cited,

p. 82-83.

(6) and BushnELL, L. D.

1916. SOME IMPORTANT FERMENTATIONS IN SILAGE. KanS. Agr. Exp. Sta.

Tech. Bui. 2, 1,2 p. Bibliography, p. 32.

(7) Kendall, Arthur I.

191 1. THE BIOLOGY AND BIOCHEMISTRY OF BACTERIA AND THEIR RELATION TO
THERAPEUTICS. In Jour. Med. Research, v. 24 (n. s. v. 19), no. 2,

p. 411-424.

(8) and Farmer, Chester J.

1912. STUDIES IN bacterial METABOLISM, i-iii, V, VII. luJouT. Biol. Chem.,

V. 12, no. I, p. 13-21; no. 2, p. 215-218; no. 3, p. 465-471; v. 13, no i,

p. 63-70.

(9) Bagg. Edward P., jr., and Day, Alexander A.

1912. STUDIES IN B.vcTERiAL METABOLISM. IV. In Jour. Biol. Chem., V. 12,

no. 2, p. 219-221.

(10) Day, Alexander A., and Walker, Arthur W.
1913. STUDIES IN bacterial METABOLISM, xiii-xxx. In Jour. Amer. Chem.

Soc, V. 35, no. 9, p. 1201-1249.



592 Journal of Agricultural Research voi. xv, No. n

(11) KXIGLER, I. J.

19 16. SOME REGULATING FACTORS IN BACTERIAL METABOLISM. In Jour. Bact.,

V. I, no. 6, p. 663-671.

(12) Lamb, A. R.

1917. THE RELATIVE INFLUENCE OF MICROORGANISMS AND PLANT ENZYMS ON
THE FERMENTATION OF CORN SILAGE. In Jour. Agr. Research, v. 8,

no. 10, p. 361-380, 13 fig. Literature cited, p. 378-380.

(13) LiPMAN, Jacob G., and Brown, Percy E.

1908. METHODS CONCERNING AMMONIA-FORMATION IN SOILS AND CULTURE SOLU-

TIONS. In N. J. Agr. Exp. Sta. 29th Ann. Rpt. [i907]/o8, p. 95-105.

(14) and Owen, Irving L.

I910. THE EFFECTS OF SOLUBLE AND INSOLUBLE CARBOHYDRATES ON AMMONIA
FORMATION IN SOILS AND CULTURE SOLUTIONS. In N. J. AgT. Exp.

Sta. 30th Ann. Rpt. [i9o8]/o9, p. 155-169.

(15) Reed, O. E., and Fitch, J. B.

1917. ALFALFA SILAGE. Kans. Agr. Exp. Sta. Bui. 417, 19 p., 2 fig.

(16) Sherman, J. M., and Bechdel, S. I.

1918. CORN-STOVER sn,AGE. In Jour. Agr. Research, v. 12, no. 9, p. 589-600.

Literature cited, p. 600.

(17) SwANSON, C. O., and Tague, E. L.

1917. chemical studies IN MAKING ALFALFA SILAGE. In Jour. Agr. Research,

v. 10, no. 6, p. 275-292.

(18) Waksman, Selman A.

I917. THE INFLUENCE OF AVAILABLE CARBOHYDRATES LTPON AMMONIA ACCU-

MULATION BY MICROORGANISMS. In Jour. Amer. Chem. Soc, v. 39,

no. 7, p. 1503-1512.



BROWN CANKER OF ROSES, CAUSED BY DIAPORTHE
UMBRINA

By Anna E. Jenkins

Scientific Assistant, Office of Pathological Collections, Bureau of Plant Industry, United

States Department of Agriculture

INTRODUCTION

In April, 1917, an apparently unreported fungus disease producing

a canker on stems of rose {Rosa spp.) was brought to the attention of

the Office of Pathological Collections. In the National Rose Test Garden

at the Arlington Experimental Farm, Virginia, where over 900 named
species and horticultural varieties of roses are grown, nearly all were

affected. All the brier roses, the rugosas, the moss roses, some of the

ramblers, and most of the named species were unaffected. The canes

had been badly injured the previous season by a severe hailstorm, and
the disease in some cases had gained entrance through these wounds,

although there were many instances of infection where external injury

could not be detected. The cankered canes were cut out and burned,

and to all appearances the new growth was healthy. When observed

in March, 191 8, although there was no evidence of hail injury, the canker

was again equally as prevalent as in 191 7, thereby necessitating the

severe cutting back of the plants.

The disease appears to be more or less widely distributed, speci-

mens having been received from Georgia, Virginia, West Virginia, and
the District of Columbia. The dates of these collections range from

1903 to 1918. In June, 1918, Dr. L. M. Massey, Plant Pathologist at

Cornell University, who has given special attention to rose diseases,

forwarded to this laboratory a culture made from rose material collected

in Connecticut. A comparison of this culture with the fungus isolated

by the writer showed that the two organisms are identical

CHARACTER OF THE DISEASE

This canker may occur on any portion of the cane, diseased areas being

raw-umber in color, sometimes surrounded by a purple border (PI. 46, B).

The cankered surface is dotted with fruiting bodies, the pycnidial and
ascosporic stages of the parasite. In mature specimens the small

protruding beaks of the perithecia may be seen. The margin of a canker

is generally defined only by the difference in color between the normal

and cankered portions, and to this contrast in color is due the conspicu-

ous and disfiguring effect of the disease (Pi. D). The canker differs in

color and appearance from the common canker caused by Coniothyrium

juckelii Sacc. In color the latter canker is a Roman sepia or dirty
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umber. Its lesions are often depressed with raised margins, and the

pycnidia in macroscopical appearance are darker than the fruiting"

bodies of the brown canker (PI. 46, A).

ISOLATION OF THE CAUSAL ORGANISM

Following Keitt's method ^ for obtaining pure-culture strains, the

writer made single pycnospore and single ascus isolations. It was

thought advisable to isolate a single ascus rather than an ascospore,

as the ascospores, especially when immature, appear much the same in

in size and color as the pycnospores. From these isolations of the fungus

transfers were made to various media. From the imperfect-stage strain

only pycnidia developed, while from the perfect-stage strain growing on

sterilized rose canes the formation of pycnidia was followed by the de-

velopment of a perfect stage similar to that found in nature. The

growth from the pycnidial stage was labeled "A," and that from

the perithecial stage "B." Cultures of the two stages were used in

inoculation experiments.

INOCULATION EXPERIMENTS

Inoculation tests were made on rose plants under ordinary greenhouse

conditions and on cut rose canes kept in a moist atmosphere under bell

jars in the laboratory. The inoculations were made by smearing spores

or a portion of the culture over an incision in the cane made with a sterile

scalpel. The incision was then covered with sterile cotton moistened

with sterile water.

Inoculatioiis with stage A in the greenhouse produced practically

no infection. On one plant, which was inoculated on May 28, 1917,

and placed under a bell jar, and which had gradually lost most of its

leaves from mildew, the disease developed after a long period, producing

the pycnidial stage of the fungus. Freshly cut rose canes placed under

bell jars became infected in a few days. On stems inoculated on Febru-

ary 8 the disease had progressed upward 4 inches by February 20; and

by February 23 it had progressed to the tip of the cane and had passed

downward from the point of inoculation a distance of 4 inches, darken-

ing and killing the stem. The cane was somewhat lighter in color for

about I inch above and % inch below the point of inoculation. In this

region were developed the characteristic pycnidia from which spore

tendrils were exuded. The controls subjected to similar treatment

remained fresh and healthy, and there was no discoloration of the tissue

near the point of inoculation.

Inoculations were made with B in the greenhouse on October 20.

In four days there was slight infection. The plants were kept under

observation until January, but the area of infection remained very

1 KBITT, G. \y. SIMPLE TECHNIQUE FOR ISOLATING StNGLE-SPORE STRAINS OF CERTAIN TYPES OF FUNGI.

In Phytopathology, v. s, no. s. P- 266-269, i fig. 1915.
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limited, the cane being darkened and killed for a radius of about X inch

from the point of inoculation. A microscopic examination revealed

the presence of hyphae in the darkened tissue, but the fungus did not

fruit on the diseased area. Plantings were made in corn-meal agar

poured plates from small portions cut from the edge of the discolored

tissue with a sterile scalpel, then immersed in a mercuric-chlorid solu-

tion (1:1,000) for about three minutes, and rinsed in sterile water. In

such cultures made on January 19 the imperfect stage developed in five

•days, while cultures made similarly from the controls remained sterile.

Inoculations with B were again made in the greenhouse on Janu-

ary 30. No infection resulted from two of the inoculations, which

may not have been kept sufficiently moist, but on February 13 it was
observed that the third inoculation had produced infection. Plant-

ings were made in April from the discolored region and from a corre-

sponding region of the control. The fungus was reisolated from the

inoculated plant, while no growth appeared in the culture made from

the control (Pi. 47, C, D).

On January 17 freshly cut rose canes were placed under the bell

jars in the laboratory and inoculated %vith B. Infection appeared in

10 to 15 days from all of the inoculations. The progress of the dis-

ease may be described from the observations taken on one of the inocu-

lated canes, which when first observed was girdled and darkened for

I inch above the point of inoculation. In two days the disease advanced
upward 3 inches, and in three days the entire cane above the point of

inoculation was affected. The disease passed downward less rapidly.

An area, lighter in color and similar to that described in the A inocu-

lations, appeared near the point of inoculation. In this area the typical

pycnidia developed (Pi. 47, A, B).

Two inoculations were made by smearing an infusion of spores of

stage B on the leaf buds. From each inoculation infection appeared at

the base of the bud in about 10 days, and the disease advanced for several

inches along the stem. The spores evidently germinated on the leaf

tissue, the fungus passing through the bud into the cane. This experi-

ment does not indicate that the fungus may gain entrance through the

healthy or uninjured buds, for in making the inoculations no precau-

tion was taken to avoid injuring the tender leaflets.

These experiments ^ establish the pathogenicity of the fungus. The
percentage of infection appears to vary with temperature and humidity

as shown by the results of the different series of inoculations. Inocu-

lations made under bell jars gave 100 per cent infection, while those

made without covering the plants gave a smaller percentage of infection.

When the fungus is once established, it advances rapidly, producing

the characteristic lesions.

' Subsequent to the writing cf this paper, the information has been received from Dr. L. M. Massey,
of Cornell University, that he has also made successful inoculations on roses in the greenhouse with
what appears to be the s^me fungus.
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DESCRIPTION OF THE FUNGUS

From a study of the fungi reported on the rose no description has been

found that seems to apply to this organispi. The characters of the

ascogenous stage, both in its development in nature and in culture, place

it most nearly in the genus Diaporthe. It differs from that genus in

having continuous ascospores which may, however, become pseudo-

septate. The spores of the genus Diaporthe are typically 2-celled, but in

some species they are described as nucleate, i -celled while young, or

obscurely septate. The imperfect stage appears to be most closely

related to the genus Phomopsis. In view of the above considerations,

it has seemed that for the present the fungus may best be referred to the

genus Diaporthe and will be described as Diaporthe umhrina.

Diaporthe lunbrina, n. sp.'

Pycnidia subglobose to lens-shaped, walls generally rather thin, thickened at apex,

embedded, rupturing the epidermis, irregularly ostiolate, simple or chambered, 200

to 300 IX in diameter; pycnospores subfusoid, straight or slightly curved, hyalin,

4.8 to II. 2 by 2 to 3.2 ix; sporophores simple or branched, tapering above, 12 to 40 m

in length.

Perithecia membranaceous, two to five, immersed in a valsoid stroma around

pycnidium, globose, with beak scarcely projecting above the epidermis, 100 to 290 n

in diameter; beaks 150 to 195 n in length; asci clavate, subsessile, aparaphysate, 30

to 50 by 6.4 to 8 /x; spores elliptical, usually hyalin, when mature sometimes light

olivaceous, continuous or sometimes with one pseudo-septum, 8 to 11. 2 by 3.2 to 4 ix.

Forms cankers on the stems of cultivated roses.

Type material collected at Arlington Experimental Farm, Virginia, April, 1917.

Specimens deposited in the herbarium of the Office of Pathological Collections,

Bureau of Plant Industry, United States Department of Agriculture, Washington,

D. C.

In figure i is shown a pycnidium as it occurs in nature. The basal

wall of the pycnidium is often very much thickened near the center,

projecting upward in the cavity of the pycnidium. Protrusions may

develop from other portions of the wall, forming a chambered pycnidium

as illustrated in figure i , a. The parenchymatous upper portion of the

pycnidium is composed of small, closely packed, thin-walled cells. The

fungus suggests somewhat the appearance of a species of Myxosporium

in certain sections through the pycnidium in which the thickened upper

portion has apparently fallen away. Great variability was apparent

in the development of the pycnidial stage in culture. It was observed

that on prune-agar poured plates made from stage A that the spores

were first borne directly from the mycelium and that an abundance of

1 Diaporthe umbrina, sp. nov.—Pycnidiis subglobosis vel lenticularibus, parietibus plerumque aliquid

tenuibus, apice incrassatis, Lmmersis, epidermidem mmpentibus, irregulariter ostiolatis, simplicibus vel

locellatis, 200-300 m diameter pycnosporis subfusoideis, rectis vel curvulis, hyalinis, 4.8-11.2X2-3.2 ti,

sporophoris simplicibus vel ramosis, attenuatis, 12-40 n longis; peritheciis membranaceis, 2-5, valsea

stromate circa pycnidium immersis, globosis, rostratis, 100-290 m diameter; rostris saepe supra epidermidem

prominentibus, 150-195 ^ longis; ascis clavatis, subsessilibus, aparaphysatis, 30-50X6.4-8 m; sporis ellip-

ticis, plerumque hyalinis, maturis interdimi pallide oUvaceis, continuis vel interdum i-pseudo-septatis,

8-11.2X3.2-4M-

Cancros in sannentis Rosanmi cultarum fonnans, Arlington, Virginia.
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Fig. I.

—

Diaporilie u?nbrina: a. Vertical section of

a pycnidium in nature, X 80; b, simple and
branched sporophores; c, pycnospores, X 360.

thin-walled membranous pycnidia soon developed. The fungus was
transferred to the rose-stem medium, where the pycnidial development

was similar to that in nature, the

pycnidia being simple or somewhat

chambered, 140 to 375 lu. in diameter

with the walls in the upper portion

somev/hat more stromatic. The
perithecia develop in the stromatic

growth below the pycnidia which in.

culture become erumpent. Plate

46, C, shows an enlarged portion of

a culture, with protruding beaks of the perithecia. In culture there may
be as many as eight perithecia in a stroma, measuring 290 to 400

H, with beaks 250 to 500 ^u in

length. Figure 2, a, shows a

vertical section of perithecia in

nature. It will be observed

from this illustration that in

nature the beaks of the perithe-

cia which extend toward the

pycnidial rupture in the epider-

mis do not protrude propor-

tionally as far as they do in

culture. In figure 3 is shown

the arrangement of the perithecia and pycnidia as they occur in nature.

The development of pycnospores on the host and in culture is similar.

The filiform spores which sometimes

develop in species of Phomopsis in

addition to the typical fusoid spores

have not been observed. The pyc-

nospores germinate readily, producing

one or two germ tubes. The sporo-

phores, which are sometimes branched,

are variable in length, but generally

measure from 12 to 20 ji. The base of

the sporophore is often broad and ir-

regular in shape, becoming very slender

above (fig. i, b). The ascospores in

nature are most often continuous, but

they may be 2-guttulate or i-pseu-

doseptate. Upon germination the spores

become 2-guttulate or pseudoseptate and may be slightly constricted

at the center, and one germ tube is produced toward each end of the

spore (fig. 2, b, c, d).

Fig. 2.
—Diaportheumbrina: a. Vertical section of perithecia

in nature, X 80; h, an ascus; c, ascospores; d, germinating

ascospores, X 420.

Fig. 3.

—

Diaporthe umbrina: Tangential sec-

tion showing relative arrangement of pycni-

dium and perithecia in nature, a pycni-

dium surrounded by five perithecia; a, pro-

liferous stratum extending upward from
base of pycnidium.
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CULTURAI. CHARACTERS

The organism was grown on steamed corn meal, corn-meal agar, oat

agar, prune agar, and rose canes. Both strains of the fungus grow rap-

idly on these media, producing the imperfect stage in three or four days

with very little superficial mycelial growth. The pycnidia are developed

in great abundance, extruding cinnamon-buff^ spore masses, which often

cover the entire surface of the medium.

Plate 46, D, shows a B culture on rose canes after 22 days' growth,

while Plate 46, C and E, reproduces photomicrographs of a similar

culture after three months, showing the extruding pycnospore masses

and the beaks of the perithecia. Only cultures on rose stems in test-

tubes containing a very small amount of moisture and kept approxi-

mately at a temperature of 17° C. developed the perfect stage of the

fungus. On steamed corn-meal media the superficial mycelial growth

was most abundant, appearing pure white at first and soon becoming

gray. On prune agar and on corn-meal agar poured plates the culture

develops radially from the point of inoculation, concentric rings of the

pycnidia appearing at more or less regular intervals.

LIFE HISTORY OF THE FUNGUS

That the life cycle of the fungus may be completed in a comparatively

short time is shown from the cultural experiments and from the field ob-

servations. From the inoculation experiments it has been shown that

infection occurs from both pycnospores and ascospores and that lesions

may be produced in from 4 to 15 days. A culture made on February 11

from pycnospores produced from stage B had developed the two stages

by April 15. On field material collected on March 18 the imperfect stage

was present, together with the immature perfect stage. In May spores

of both stages germinated in culture, producing the perfect and imper-

fect stages as previously described, indicating that a period of rest is not

essential for the completion of the life cycle. On the other hand, the

spores probably remain viable for a long time, since pycnospores from

very thin poured-plate cultures which had dried were viable after having

been kept for four months at a temperature of about 17° C. How the

fungus overwinters and the manner in which the first infections are pro-

duced are still subjects of investigation. It is very probable that the

ascospores live over a winter in the old canker and produce the early

spring infections. It is not known how the spores are disseminated,

whether by wind, rain, insects, or on cultural implements, but it is prob-

able that rain plays an important part in distributing the exuded pycno-

spores.
CONTROL MEASURES

Preliminary experiments in controlling the disease by cutting out and

burning the cankered stems have been made, but the results during the

• RiDGWAY, Robert. C01.0R standards and color nomenclature. .1.3 P-. 53 coL pi. Washington,

D. C, 1912.
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single year that the disease has been under observation were negative.

From the present knowledge of this rose canker and its causal fungus,

together with the control measures employed for diseases of a similar

nature, certain preventive methods are suggested. Rose gardens should

be carefully inspected to determine whether the disease is present and

precautions taken to prevent the entrance of the fungus into healthy gar-

dens. Nursery stock for planting should be carefully examined, and all

cankered plants should be destroyed. If possible, plants should be intro-

duced only from gardens known to be free from the disease. In gardens

where the canker is already established, measures leading to the eradi-

cation of the fungus should be adopted. Cankered stems should be cut

away and burned. It may be advisable to disinfect the cut ends of the

stems and to sterilize the pruning implements after each operation.

The use of a fungicide to protect the plants from further infection is sug-

gested. In the fall after the plants have become dormant and again early

in the spring strong Bordeaux mixture ^ may be applied. It is probably

important that the plants be well covered with the fungicide during the

early spring months when the lesions first appear and the disease makes

rapid progress. Gardens should be carefully watched in the spring in

order that stems showing infection may be cut away and not become

sources of secondary infection. As blossoming time approaches, ammo-
niacal copper carbonate may be substituted for the Bordeaux mixture,

as it does not discolor the foliage. A complete study of the varieties

resistant to this canker has not been made, but, as stated in the intro-

duction of this paper, in the National Rose Test Garden, where most

classes of cultivated roses are represented, the brier roses, the rugosa

roses, the moss roses, some of the ramblers, and most of the named
species are apparently resistant.

SUMMARY

(i) A canker of roses caused by the fungus Diaportlie umbrina is

probably widely distributed and is known to occur in the District of

Columbia, Virginia, West Virginia, Georgia, and Connecticut, having

been reported at various times during the past 15 years.

(2) The causal organism produces in cankers on living rose stems a

pycnidial and a perfect stage.

(3) In culture both the pycnidial and perithecial stages of the fungus

have developed.

(4) The disease has been produced on rose stems from both pycno-

sporic and ascosporic stages of the fungus.

(5) The control measures suggested are the use of only healthy nursery

stock for planting, the removal and burning of diseased canes from

affected gardens, and the application of a fungicide in the fall, again in

spring before the first symptoms appear, and during the spring when the

fungus is active.

' For directions for the preparation and application of fungicides for rose diseases see Mulvord, F. L,-,

ROSES FOR THE HOME. U. S. Dept. Agr. Fanners' Bui. 750, 36 p., 37 fig. 1916.



PLATE D

Rose cane showing lesion of the canker caused by Diaporthe unibrina.
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PLATE 46

A.—Rose cane showing the appearance of the canker caused by Coniothyrium

Juckelii.

B.—A rose stem showing local infections produced by Diaporthe umbrina.

C.—Culture of Diaporthe umbrina from stage B on a rose stem showing beaks of

perithecia. X 20.

D.—Culture on a rose stem from stage B showing spore masses extruded from

pycnidia.

E.—Pycnospore masses from culture shown in figure C. X 20.

Photographed by Mr. J. M. Shull.
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PLATE 47

Diaporthe umbrina: Results of inoculations
A.—Control.

B.—Rose stem showing infection produced by inoculation with stage B; cut rose

stems placed in moist atmosphere tmder bell jars in the laboratory.

C—Control.

D.—Rose stem showing infection produced by inoculation with stage B; rose plants

in the greenhouse.

Photographed by Mr. J. M. Shull.
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EFFECT OF CARBON DISULPHID AND TOLUOL UPON
NITROGEN-FIXING AND NITRIFYING ORGANISMS

By P. L. GainEy

Soil Bacteriologist, Kansas State Agricultural Experiment Station

INTRODUCTION

In previous publications ^ the writer has presented experimental data

showing the effect which carbon disulphid and toluol have upon the

total number of bacteria (bacteria that would develop upon agar plates)

and upon the accumulation of nitrate nitrogen in soils. It is the pur-

pose of this paper to give data showing the effect of similar treatment of

soils upon the nitrogen-fixing organisms, together with additiomal data

upon nitrification.

The appearance during the past few years of many excellent reviews

of the literature relative to the treatment of soils with volatile anti-

septics renders a discussion of previous work unnecessary. The reader is

referred especially to the review given by Kopeloff and Coleman. ^ It

is sufiicient to say that the results heretofore reported have been very

irregular and inconclusive. It is believed that the data reported in this

paper will offer, in part at least, an explanation for some of these irreg-

EXPERIMENTAL METHODS

In general, the methods used have been similar to those previously

employed by the writer. Soils known to possess good nitrogen-fixing

and nitrifying powers have been used. Given quantities of soil by weight

were treated with varying quantities of carbon disulphid and with toluol.

The reagent was then thoroughly mixed in, and the soil immediately

placed in an air-tight container and left for three days. At the end of

this period those samples from which the reagent was not to be evap-

orated were made up to the required degree of saturation with sterile

water, the rubber stoppers replaced with cotton, and incubated at room

temperature. If the antiseptic was to be evaporated, either the con-

tainers were left open or the soil was emptied into sterile petri dishes and

left until the soil was air-dry and no odor of the chemical remained. Water

was then added and the samples incubated at room temperature. At

various stages during treatment or during incubation the nitrogen-fixing

ability was tested, and the nitrates present in the soil were determined.

1 GaiNEY, p. h. THE EFFECT OF TOLUOI, AND CS2 UPON THE MICROFLORA AND FAUNA OF THE SOU,. In

Mo. Bot. Gard. 23d Ann. Rpt., p. 147-169. 1912. Literature, p. 168-169.

EFFECT OF CS2 AND TOLUOL UPON NITRIFICATION, hi Centbl. Bakt. [etc.]. Abt. 2, Bd. 39, No.

13-25. P- 584-395. 2 fig. 1914-

* Kopeloff, Nicholas, and Coleman, D. A. a review of investigations in son, protozoa and son,

STERILIZATION, /re Soil. Sci., 3, no. 3, p. 197-269. Literature cited, p. 248-269.
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In the nitrogen-fixing experiments 50 cc. of a sterile culture solution

in 350-cc. Erlenmeyer Jena flasks were inoculated with 2 or 5 gm. of

soil and incubated, usually for three weeks. A medium consisting of the

following compounds was used

:

Potassium phosphate (Kn2HP04) o. 2 gm.

Magnesium sulphate (MgS04) 2 gm.

Sodium chlorid (NaCL) 5 gm.

Mannit 20. o gm.

Ferric chlorid (FeClj) Trace.

Water i, 000 cc.

This solution was made slightly alkaline to phenolphthalein with

sodium hydroxid. In other experiments this medium has never failed

to give the characteristic Azotobacter film if the organisms were present

in sufficient numbers and other conditions were favorable. The figures

reported are in all cases actual gains in nitrogen.

Inoculations were made in duplicate. During incubation the growth

of Azotobacter was noted, and at the end of the incubation period the

total nitrogen was determined. Only the average of duplicate nitrogen

determinations are reported.

In the tables giving results the Azotobacter film has been reported as

typical if the characteristic brown or black uniform growth covered the

surface. A question mark (?) has been placed opposite those samples

from which only one duplicate gave a film or when there were Azoto-

bacter present, but which failed to give the characteristic growth.

Nitrate nitrogen was determined in duplicate by the phenol-disul-

phonic-acid method. Qualitative tests for ammonia were made with

Nessler's reagent. Where the aqueous extract of the soil gave only a

slight yellow color, it was reported as a trace. When the color was some-

what more pronounced, it was reported as slight; and where a heavy

brick-red precipitate was formed when the reagent was added, it was

reported as abundant. In some instances quantitative determinations

of ammonia nitrogen were made by distillation with magnesium oxid.

A number of determinations upon samples reported as a trace showed

from 0.3 to 0.5 mgm. of nitrogen per 100 gra. of soil. Variations from

these methods were sometimes made, but they are mentioned in con-

nection with the individual experiment to which they apply.

EXPERIMENTAL DATA

The soil for these experiments was furnished through the kindness of

Prof. Walter G. Sackett, of the Colorado Agricultural Experiment

Station. It came "from a locality where the niter trouble has been very

severe and where nitrification has evidently been very active in the

past if not at present. " This soil was used because of the exceptionally

vigorous nitrogen-fixing (Azotobacter) flora.
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Fifty-gm. samples containing 6.5 gm. of water each were treated

with varying amounts of toluol and carbon disulphid as indicated in

Table I. The soil was then immediately placed in 500-cc. bottles,

tightly stoppered, and left for three days. At the end of this time the

water content of the nonevaporated samples was made up to 12 cc. or

one-half saturation, and the stopper replaced with cotton. The samples

were incubated under conditions which would retard loss of moisture and
were not opened except when analyses were made. The evaporated

samples were treated exactly alike, except that at the end of the first

three days the soil was emptied into petri dishes, left thus for 48 hours,

replaced in the bottle, and the moisture content made up to one-half

saturation. Tests for nitrogen fixation were made at the end of four

weeks and again after six months' incubation, and the nitrate content

was determined at the end of six months.

Before the six-months' Analyses were made the moisture content of all

samples had fallen very low, some samples being practically air-dry.

This apparently had no eflfect upon nitrogen-fixing organisms, but did

obscure the recover)^ of active nitrification. In other words, before

sufficient time had elapsed for the recovery of active nitrification, the

moisture content of many samples had fallen so low that nitrification

was impossible. The results are reported in Table I.

There is little difference between the evaporated and nonevaporated

samples in the amount of nitrogen fixed; 0.25 cc. of toluol per 100 gm.

of soil destroyed the Azotobacter, and there is no evidence of recovery.

The same quantity checked nitrification, but the quantity necessary to

destroy the nitrifying organisms is very much higher, the samples re-

ceiving even 5 cc. having partly recovered after six months. As men-
tioned above, the failure to recover was probably due to low water con-

tent rather than to the toluol. Ammonia accumulated only when
nitrification was checked.

The quantity of carbon disulphid necessary to destroy Azotobacter

was only o.i cc. per 100 gm. of soil, and there is no evidence of recovery

even after six months. In the nonevaporated samples, o.i cc. checked

nitrification, while 0.25 cc. were required to check the process in evapo-

rated samples. There is evidence of recovery of nitrification even with

5.0 cc. of carbon disulphid. Ammonia accumulated only when nitrifica-

tion was checked.

Even when Azotobacter were destroyed, the ability to fix nitrogen

was not destroyed with the largest quantity of carbon disulphid or toluol

applied in these experiments. However, fixation by organisms other

than Azotobacter appeared to decrease as the application of chemicals

increased.

A second set of experiments was conducted, in which the soil had been

in the laboratory much longer and was almost air-dry, containing only
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4 per cent of water. The treatment of the soil otherwise was essentially

the same. After the reagents had acted for three days, the unevaporated

samples were made up to one-half saturation. Those from which the

reagents were evaporated were left open for two days and then made

up to the same degree of saturation. All were cotton-plugged and

incubated at room temperature. The water lost through evaporation

was replaced from time to time.

Table I.

—

Effect of carbon disulphid and toluol upon nitrogen fixation and nitrate

accumulation

CHEMICALS NOT EVAPORATED

Treatment.

Control, o cc

Toluol:
o. oi cc

o. 05 cc

o. 10 cc
o. 25 cc
0. 50 cc
1. 00 cc

5. CO cc
Control, o cc
Carbon disulphid:

o. 01 cc
o. 05 cc
o. 10 cc
o. 25 cc
0. 50 cc
1. 00 cc

5. 00 cc

Analyzed after four weeks.

Azoto-
bacter
film.

Typical

..do..

..do..

...do..

None.
..do..

..do..

...do.-.

Typical

...do..

...do..

None..
...do..

..do..

...do..

...do..

Nitro-
gen

fixed."

Mgin.
10. 40

11.80
12. 40
11-75
7-05
IO-55
7-o^

7-75
12.45

12.05
11. 90
425
4-45
3-45
2- IS

3-15

NO3&

Mgin.
II-

3

ir-3

12.8

12.8
12. 8

13-8
3-2
2. 2

3-3

Analyzed after six months.

Azoto-
bacter
film.

Typical.

...do....

...do....

...do....

None. ...

...do....

...do....

...do....
Typical.

...do....

(?)
None
...do....

...do....

...do....

...do....

Nitro-
gen

fixed.o

Mom.
9. 12

9.70
9. 01

9.07
4-32
3-40
4. 61

5-27
9. 12

9. 18

7-45
5-32

3- 13

0-5S
o. 65
6.68

NO3&

Mgin.

18.5

18.5
18. 5
18.5
20. o

3-5
3-5
3-3
18.5

18. 5
18.5
20. o

4- I

3-5
3-3
3-2

NH3 6 nitrogen.

Trace.

Do.
Do.
Do.
Do.

Abundant.
Do.
Do.

Trace.

Do.
Do.
Do.

Abundant.
Do.
Do.
Do.

CHEMICALS EVAPORATED

Control o cc
Toluol:

o. 01 cc
o. 05 cc

o. 10 cc
o. 25 cc
0. 50 cc
1. 00 cc

5. CO cc
Control occ
Carbon disulphid:

o. 01 cc.

o. 05 cc.

o. 10 cc.

o. 25 cc.

0. 50 cc.

1. 00 cc.

5. 00 cc.

Typical.

...do..

...do..

...do..

None .

.

...do..

...do..

...do..

Typical

...do..

...do..

None .

.

...do..

...do..

...do..

...do..

9-45

9. 20

8.67
10- 75
4-05
5. 20

5-05
4-45

10. 00

10. 10

9-35
4-45
3-35
3-30
3- 15
2.80

12. o

12. o
10. 9
12. o
3-6

3-6
3-5

12. o

12. o

Typical

.

..do....

..do....

...do....

None
...do....

...do....

...do....

Typical.

...do..

(?)
None.
...do.,

...do.

...do.

...do.

9. i»

10. 28
62

9-73
6.87
4. 12

3-35

2. 74
3- 24

21.8

21.8
21.8
20. o
24. o
12. o
21.8

6-7
19. 2

24. o
21.8
21.8

6.3
5-8
4.8

12. o

Trace.

Do.
Do.
Do.
Do.

Abundant.
Trace.
Abundant.
Trace.

Do.
Do.
Do.

Abundant.
Do.
Do.
Do.

a Nitrogen fixed in milligrams per 50 cc. of culture. b Nitrate in milligrams per 100 gm. of soil.
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Cultures for Azotobacter were made from the evaporated samples

after the exposure for evaporation and from all cultures after 16 weeks'

incubation. Since the principal point to be determined was whether

Azotobacter were killed, a total nitrogen determination was not made
on the nitrogen-fixing cultures at the 16 Vv^eeks' analysis. Also, previous

experiments had shown that the quantity of nitrogen fixed when the

characteristic film developed did not vary beyond the experimental

error and that the quantity fixed in absence of Azotobacter was usually

from one-fourth to one-half than when Azotobacter were present. The
character of growth was, therefore, a sufficient index for the object in

view. The results are presented in Tables II and III.

Table II.

—

Effect of toluol upon nitrogen fixation and nitrification



6o6 Journal of Agricultural Research Vol. XV. No. n

Table III.—Effect of carbon disulphid upon nitrogen fixation and nitrate accumulation
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until the soil became approximately air-dry. This was two days for the

first and second sets and six days for the third set. During this time,

in order to increase the surface exposed to air and also prevent contami-

nation, the bottles were left lying on their sides under a hood.

After exposing the samples for the chemical to evaporate, another

series of cultures were made for Azotobacter. The water content of the

soil was then made up to one-half saturation and incubated at room

temperature. The water lost by evaporation was restored from time to

time. At the end of three months' incubation a third series of cultures

for Azotobacter were made and the nitrate content determined.

The actual quantities of nitrogen fixed were not determined, for rea-

sons already given, the character of growth being considered a sufficient

index. The results are presented in Table IV.

Table IV -Effect of carbon disidphid and toluol upon Azatobacter and nitrate accumu-
lation in soil

W.ATER CONTENT OP SOIL, 3 PER CENT

Treatment.
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Table IV.

—

Effect of carbon disidphid and toluol upon Azotobacter and nitrate accumu-
lation in soil—Continued

WATER CONTENT OP SOIL, lO PER CENT

Treatment.

Control, o cc . . .

.

Do
Carbon disulphid

:

o.io cc,

o.io cc.

0.25 cc.

0.25 cc.

0.50 cc.

0.50 cc.

1.00 cc.

1.00 cc.

5.00 cc

.

5.00 cc

,

Toluol:
O.IO cc.

0.10 cc.

C.25 cc.

0.25 cc.

0.50 cc.

0.50 cc.

1.00 cc.

1.00 cc.

5.00 cc.

5.00 cc .

Azotobacter film.

Typical

.

...do....

. . .do.

. . .do.

. . .do.

. . .do.

..do.

...do.

. . .do.

...do.

None.
. . .do.

Typical

.

.'.'.do.'.'.'.

...do....

...do....

(?)
None . . .

,

...do....

...do....

...do....

Typical.
..do....

. . .do.

. . .do.

. . .do.

. . .do.

..do.

..do.

, . .do.

..do.

None.
. .do.

Typical

.

..do....

. .do. . .

.

..do....

..do....

(?)

None . . .

.

..do....

..do....

..do....

Typical

.

..do....

. . .do.

. . .do.

. . .do.

. . .do.

. . .do.

...do.

...do.

...do.

None.
, . .do.

Typical

.

...do....

...do....

...do....

...do....

(?)
None
...do....

..do....
...do....

NOs^.

Mgm.
15.0

IS-

5

15.0
15.0
16. 5
17. 2

IS-

5

17. 2

16. o
16. o
6.4
15.0

16. o
16. o

15.0
15.0

9.0

NHs.

Trace.
Do.

Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Abundant.
Do.

Trace.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Abundant,
Do.

WATER CONTENT OP SOIL, 20 PER CENT

Control, o cc . . .

.

Do
Carbon disulphid:

O.IO cc.
O.IO cc.

0.25 cc.

0.25 cc

.

0.50 cc.

0.50 cc

.

1. 00 cc

.

1. 00 cc.

5.00 cc

.

5.00 cc.

Toluol:
O.IO cc.

O.IO cc.

0.25 cc

.

0.25 cc

.

0.50 cc.

0.50 cc

.

1.00 cc

.

1.00 cc

.

5.00 cc

.

5.00 cc

.

Typical

.

. . .do

. . .do.

.

...do.

...do..

...do.,

...do..

. . .do.

,

. . .do.

.

...do.,

None.
. ..do.

,

Typical

.

..do....

..do....

..do....

. . .do. . .

.

(?)
None . . .

,

...do....

...do....

...do....

Typical . . . .

..do

...do.

. . .do.

...do.

...do.,

. . .do.

,

. . .do.

,

. . .do.

. . .do.

None.
. . .do.

,

Typical . . .

.

...do

...do

...do

...do

(?)

None
...do
...do
...do

Typical

.

. . .do. . .

.

...do.

. . .do.

. . .do.

...do.

...do.

. . .do.

...do.,

...do..

None.
...do..

Typical.
...do....
...do....

...do....

...do....

...do....

None.. ..

...do....

...do....

...do....

12. 6
12. 6

12. 7
12. 6

13.0
13.0
13. 2

12. o
11. 4
12. o

5-S
6.0

12.6
16. o
13.0
12. 2

13.0
13.2

13. o
13.2
10. 9
9.6

Trace.
Do.

Do.
Do.
Do.
Do.
Do.
Do.

Slight.

Do.
Abtmdant.
Do.

Trace.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Abundant.
Do.

o 1 , 2 , and 3 have reference to time at which cultures were made, i was made after chemical had remained
in soil three days, 2 was made after chemical was evaporated, and 3 was cultured after nine weeks' incuba*

tion. Nitrates and ammonia were determined after nine weeks' incubation.
6 Nitrates in milligrams per 100 gm. of soil.
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In another experiment a local soil which had shown vigorous Azoto-

bacter development and nitrogen fixation was used. The moisture con-

tent varied in different samples, being 3 per cent, 12 per cent, 24 per cent,

and 36 per cent, respectively. After three days' treatment with carbon

disulphid and toluol the samples to be evaporated were treated as in the

preceding experiment. The moisture content of those samples con-

taining 24 per cent of water decreased very slowly, it being necessary to

leave them for two weeks before they were air-dry. The other evapora-

ted samples were left the same length of time before the moisture was
made up to the required amount. No attempt was made to evaporate

the samples containing 36 per cent of water. After evaporation the

moisture content of all samples, except those containing 36 per cent,

was made up to 24 per cent. During incubation the loss of water due to

evaporation was restored.

Cultures for Azotobacter were made six weeks after the soil had been

treated, and seven weeks later the nitrate content was determined. A
number of quantitative nitrogen determinations were lost through acci-

dent, but the qualitative results are sufficient for present needs. The
results are given in Tables V and VI.

Table V.

—

Effect of carbon disulphid upon nitrogen fixation and nitrate accumulation

NOT EVAPORATED
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TabIvE V.

—

Effect of carbon disulphid upon nitrogen fixation and nitrate accumulation-
Continued

NOT EVAPORATED
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Table VI. -Effect of toluol upon nitrogenfixation and nitrate accumulation—Contd.

EV.'iPORATED
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ulation in the air-dry soil. For the soil containing lo per cent of water

5 cc. of carbon disulphid and i cc. of toluol were sufficient to destroy

Azotobacter, while 5 cc. of either were sufficient to check nitrate accum-

ulation; 0.5 cc. of toluol checked Azotobacter in one sample, but

was not sufficient to kill. The results for the soil containing 20 per cent

of water are in every respect similar to that containing 10 per cent.

In all cases there was an accumulation of ammonia only when nitrifi-

cation was checked.

The only air-dry samples in which carbon disulphid destroyed Azoto-

bacter were those treated with 10 cc. In one unevaporated sample

5 cc. eliminated Azotobacter, although in the dupHcate no elimination

occurred. Ten cc. checked the nitrate accumulation in unevaporated

samples, but were ineffective where the carbon disulphid was evapor-

ated.

When the water content was 12 per cent, 5 cc. of carbon disulphid

were sufficient to destroy Azotobacter and to check nitrate accumu-

lation. This also is true of the soil containing 24 per cent of water.

Where the water content was 36 per cent, the results are somewhat

irregular. Azotobacter were destroyed and nitrate accumulation was

checked when treated with 5 cc; however, 0.5 and i.o cc. appeared

to aflFect the Azotobacter in one instance each, but was without effect

upon the nitrate accumulation. This irregularity was probably due

to reinoculation in the case of those samples in which duplicates did

not agree. The results agree in showing an accumulation of ammonia

only in those samples in which nitrification was checked.

The results with toluol as given in Table VI show that in the air-dry

soil 5 cc. were sufficient to destroy Azotobacter in the nonevaporated

samples, while 10 cc. were insufficient in the evaporated samples. Appar-

ently nitrate accumulation was checked to an appreciable extent with

10 cc. in nonevaporated samples, but was not affected when the toluol

was evaporated from the soil. One cc. of toluol was sufficient to des-

troy Azotobacter in evaporated and in one nonevaporated sample

when the water content was 12 per cent, while 5 cc. were required to

affectively check, nitrate accumulation. -In one evaporated sample

I cc. checked the nitrate accumulation.

When the moisture content was raised to 24 per cent, i cc. destroyed

Azotobacter in all samples, while 5 cc. were still required to check

nitrate accumulation to any appreciable extent.

With a moisture content of 36 per cent, 0.25 cc. of toluol destroyed

Azotobacter, and i cc. was sufficient to check nitrate accumulation.

As in all other experiments ammonia accumulated only when nitri-

fication had been checked.

It appears from these results that both carbon disulphid and toluol

will check nitrate accumulation if applied in sufficient quantities. The

quantity necessary to bring about this effect varies quite widely with

the physical condition of the soil and probably also with different soils.
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The quantity necessary to destroy the nitrifying organisms is very

much larger than that which is necessary to check their activilty. There

are some times sHght increases in the accumulation of nitrate is treated

as compared to nontreated soils. This increase, however, can not

be attributed to a stimulation of the nitrifying organisms.

There is never an accumulation of ammonia unless nitrification has

been checked, which means that in no instance does the process of

ammonia formation exceed that of nitrification, the latter process being

limited by the former. Any increase in nitrate formation, therefore,

merely means an increased ammonia formation. In those samples in

which nitrification has been checked and there is an accumulation of

ammonia the total nitrogen present as nitrate and ammonia is not

materially different from that present in other samples.

The effect of carbon disulphid and toluol upon the Azotobacter group

of organisms is more definite and pronounced than it is upon the nitri-

fying organisms^ This is due to the fact that if the application is suffi-

cient to have any appreciable effect, it appears to actually destroy the

organisms rather than to check their activity.

Again the effect of both carbon disulphid and toluol appears to depend

more upon the condition of the soil than upon the quantity applied.

The data show that under some conditions an application of many
times as much is necessary to destroy Azotobacter as under other condi-

tions. For these reasons no definite statement can be made as to the

effect a given application will have. One-tenth cc. of carbon disul-

phid per 100 gm. of soil has been observed to destroy Azotobacter

completely, while in other instances 5 cc. were without effect. Simi-

larly 0.25 cc. of toluol has been observed to kill, while under other

conditions 10 cc. were without effect.

The elimination of Azotobacter does not eliminate nitrogen fixation.

There are other nitrogen-fixing organisms that are able to withstand

the heaviest application of carbon disulphid and toluol we have made.

The quantity of nitrogen fixed in the absence of Azotobacter is usually

from one-fourth to one-half that when they are present, and the quan-

tity fixed appears to decrease as the application of carbon disulphid

and toluol increases.

As soon as the wide difference in the quantity of carbon disulphid

and toluol necessary to destroy Azotobacter under different soil condi-

tions was observed, the question of the cause of such differences very

naturally arose. As mentioned in the experimental part of this paper,

the moisture content offered a working basis.

In commenting upon the writer's earlier work with carbon disulphid

and toluol Kelley ^ suggested that, since these substances are only

slightly miscible with water, the noneffectiveness of these agents in

decreasing the number of bacteria was possibly due to the high-moisture

• Kelley, W. p. ammonification and nitrification in Hawaiian soils. Hawaii Agr. Exp Sta

Bui. 37, 52 p. 1915.



6i4 Journal of Agricultural Research voi. xv.no. n

content used in our experiments. The high-moisture content, accord-

ing to Kelley, would prevent carbon disulphid and toluol from coming

in contact with the organisms. The results herein reported appear

to show that this is not true.

A study of the literature devoted to the question of partial steriliza-

tion by means of volatile antiseptics reveals a mass of conflicting data

and numerous contradictions and criticisms. As far as ascertained,

the influence of moisture upon such treatment has been considered by

only one investigator. Greig-Smith ^ found that the effct of toluol upon

soil protozoa varied with moisture content. The available review of

this paper gives no data except the statement that 20 per cent of toluol

failed to destroy certain protozoa if the moisture content were less than

one-tenth saturation, but if the moisture content was above this i or 2

per cent of toluol was sufficient to kill them. In the soils used any

degree of saturation below oije-tenth would approach very closely an

air-dry condition. It appears, then, that the experiments reported in

this paper agree in general with Greig-Smith 's. It is possible that

many of the conflicting results heretofore reported as to the effect of

volatile antiseptics, or so-called partial sterilization, may be explained

solely upon the moisture content of soil when such treatment was made.

SUMMARY

Carbon disulphid and toluol when applied to soils in sufficient quanti-

ties will destroy Azotobacter group of organisms and check the accumu-

lation of nitrate nitrogen and possibly will destroy the nitrif5dng organ-

isms.

The quantities necessary to produce such effects vary quite widely

depending among other things upon the quantity of moisture present.

Apparently if the quantity of carbon disulphid or toluol is sufficient

to have any effect upon Azotobacter they are usually completely

destroyed. On the other hand, there is a great difference in the quan-

tity necessary to destroy nitrifying organisms and that necessary to

check their activity.

There are nitrogen-fixing organisms other than Azotobacter present

in soils which are not destroyed with 10 cc. of carbon disulphid or

toluol even when the moisture content of the soil is high.

Following treatment with carbon disulphid and toluol there is no

appreciable accumulation of ammonia unless nitrification has been

checked.

There is no evidence in these experiments to show that treatment

with antiseptics stimulates the nitrifying organisms, and there is little

evidence to indicate a stimulative effect upon the ammonifying or

nitrogen-fixing organisms.

' Greig-Smith, R. the action op toluene upon soil protozoa. (Abstract.) In Nature [London],

V. 94, no. 2360, p. 581. 1915.



A MULTIPLE-PIPETTE HOLDER FOR THE DISTRIBUTION
OF SERUM FOR THE COMPLEMENT-FIXATION TEST

By Francois H. Reynolds

Pathological Division, Bureau of Animal Industry, United States Department of
Agriculture

DISADVANTAGES OF FORMER METHOD

Those engaged in the performance of complement-fixation tests,

especially in laboratories where such work is conducted on a large scale,

readily can appreciate the necessity for the so-called "short-cuts" con-

sistent, of course, with accuracy, and one's imagination can readily appre-

ciate the tediousness of removing the serums for diagnosis from about

I,GOO (daily average) and at times as many as 2,400 specimens. The

transferring of the serums from the bottles to the test tubes has been long

a matter of concern and required the employment of many assistants,

and even then it would consume the greater part, if not all, of the forenoon

in the distribution of the large number of samples.

It might be stated here that the desired quantities of serum are placed

in test tubes containing 1.5 cc. of physiological salt solution and in-

activated for half an hour at 58° C, the other ingredients being added

thereto later.

The pipettes employed in the measuring of the necessary amounts of

serum were those of the i-cc. variety, made of glass, and graduated into

tenths and hundredths. Such pipettes are filled by suction with the

mouth and controlled by the index finger, and although one may become

quite expert in the handling of the same, the constant reading of the

smaller graduations is not conducive to good vision. Such pipettes are

not infrequently of a larger diameter than the opening in the serum bottle,

their use in such cases requiring the uptilting of the bottle with conse-

quent agitation of its contents, a feature not at all desirable ; and, further,

the utilization of this method of serum measurement meant the con-

suming of several hours and the assistance of numerous operators.

Necessity therefore prompted the creation of a device which has over-

come all the objectionable features above enumerated and has made pos-

sible the transferring of serums from bottles to test tubes a matter of

comparative ease, requiring but a short space of time and demanding but

few operators, all of which are especially desirable in this era of time and
labor saving.

After deliberation it was concluded that the new device now utilized

and illustrated herein would satisfactorily meet the existing conditions
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and was therefore adopted. It is based on the principle of the multiple

pipette devised by Buck ^ which is used in this laboratory for the distribu-

tion of salt solution, complement, etc.

DETAILS OF NEW DEVICE

The device (fig. i) consists of a brass tube, i^X inches in length and

^ inch in diameter (outside), which is tapped at both ends to

permit cleaning

should occasion arise.

The lumen commu-
nicates, in its length,

with 12 brass collat-

erals set at equal dis-

tances apart and at

right angles to the
main tube. Bach
collateral is 2^
inches in length with

a X-iiich lumen, and

is lined with rubber

tubing of sufficient

length to project

about }4 inch. This

free end of rubber tubing is everted over the opening of the metal col-

lateral, thus causing a slight constriction of the lumen of the rubber at

that point and serving

to fit snugly about the

glass pipettes to be

fitted therein. On the

opposite side of the

main tube, at the cen-

ter and at right angles,

is located a single

short metal collateral,

or mouth piece, to

which is attached a

piece of rubber tubing

for the control of the

device and to which a

pinch clamp may be

applied, although con-

trolling by pressure with the forefinger and thumb has been found to

be more convenient.

Fig. I.—General view of device and pipettes.

Fig. 2.—Holder connected with serum bottles in standard tray.

1 Buck, John M. a multiple pipbt for thb complement-fixation test. In Jour. Infect. Diseases,

. 19, no. 2, p. 267-271, 3 fig., 1916.
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The pipettes are made of selected 4-mm. glass tubing and graduated

for the proper amount of serum for use in the test. These graduations

for convenience are etched at both ends.

The bottles in which the serums are received, although varying slightly

in size and shape, have permitted the making of standard trays (fig. 2),

so constructed as to hold 144 bottles, 12 bottles wide and deep, and so

placed as to register with the pipettes when they are brought into

apposition.

Each tray is numbered on the end to indicate its position in the test,

while the horizontal rows of bottles are given subnumbers to correspond

with their respective test-tube racks. The test tubes are numbered to

correspond with the bottles.

The test-tube racks

(fig. 3) are constructed

to accommodate a

double row of 12 tubes

each and which, in turn,

register with the pi-

pettes. In short, the

arrangement of the

bottle trays, test-tube

racks, and pipettes is

standardized.

When the stoppers

of the serum bottles

have been removed and

the trays arranged in

proper order to corre-

spond with the racks,

the operator is handed

one of the metal pipette

holders containing 1

2

clean, sterilized pi-

pettes. These are in-
'

serted into the 12 bottles of the first row and immersed to just below the

surface of the smaller amount when suction is applied to the mouthpiece,

and serum from 12 test animals drawn up simultaneously by one

operation. The serums are drawn above the etched graduations, then

allowed to recede until the graduations are reached. This is done to

equalize the amount in each pipette, for it has been found that some
bottles contain more than others and when the serums are drawn up the

corresponding columns will be higher, but by letting the serum partially

escape down to the graduations, the quantities in the pipettes are readily

equalized. The serums are then transferred to the 12 test tubes bearing

numbers corresponding with those on the bottles.

mjirirjirtrtMit]

Fig. 3.—Test tubes in rack.
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The holder is then passed to an assistant who removes the used pipettes

which are placed in water to prevent drying of the serum, after which

fresh pipettes are inserted and equalized by slight pressure on a flat level

surface. The use of four metal holders insures always a clean set of

pipettes ready for use by the operator.

On completion of the removal of serums, the pipettes are subjected to a

thorough washing, drying, and sterilization in hot air for two hours.

Actual tests showed that i,ooo specimens. can be removed conveniently

from the bottles and placed in test tubes in about one-half hour.

The following advantages are claimed for the holder

:

(i) No eyestrain attends the operation of the device,

(2) The pipettes are sufficiently small to enter the bottles without

agitation of the contents.

(3) Only one operator and two assistants are required, where pre-

viously many were necessary.

(4) Only a short time is needed for one operator to remove specimens

of a great number of serum samples.

\
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PARASITISM, MORPHOLOGY, AND CYTOLOGY OF
CRONARTIUM RIBICOLA

By Reginald H. Colley

Assistant Pathologist, Investigations in Forest Pathology, United States Department of tift*^ '^^f
Agriculture g^ *'**^A

INTRODUCTION ^^dfn^^

During the last few years Cronartium rihicola Fischer has become the

most serious fungus pest of white pine (Pinus strobus L.) in America.

As such it has been the subject of much study by pathologists who real-

ized, from a knowledge of the course of the parasite in Europe, the

damage it was capable of causing. Spaulding (54)^ in the most com-
prehensive paper on the fungus which has appeared in this country,

reviews the reports of its ravages on white pine in the Old World and
gives its general characters and life history. Since the discovery by
Stewart (^7) of C. rihicola on species of Ribes at Geneva, N. Y., in

1906, many papers have appeared calling attention to the absolute neces-

sity of controlling the spread of this parasite if the white pine is to be

saved for reforestation. A great deal of attention has been given to

testing the susceptibility of possible hosts through inoculation and to

control and eradication methods, both in the United States and Canada.

In Europe most of the recent work has been along this same line. Kle-

bahn {23, 24, 25, 26) and Tubeuf {58, 59, 60) have carried on extensive

experiments.

The morphology of Cronartium rihicola and the details of the interrela-

tions of the parasite and its hosts have never been thoroughly worked
out. The cytology of the genus Cronartium has up to the present time

received very little attention. In the following paper the results of

certain observations extending over a period of two years will be pre-

sented, first, with reference to the minute histology of the fungus and
the interrelations of host and parasite, and second, with reference to

the cytological phenomena accompanying spore production in the

different types of sori. The paper is offered as a contribution to our

knowledge of the parasitism, morphology, and cytology of the genus

Cronartium.

' Reference is made by number (italic) to " Literature cited," p. 653-659.
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LIFE HISTORY AND HOSTS

The life history of Cronartium rihicola has been so well reported by

Tubeuf {59, 60), Klebahn (25), Spaulding (54, 55), and others that it is

only necessary to repeat it in outline by way of introduction to what

follows. Sporidia from the teliospores produced on Ribes spp. infect

young stems and branches of Pinus strobus and other 5-needled pines.

The pycnial and secial stages subsequently develop on the pines. Mcio-

spores from the pine infect leaves of Ribes spp., on which the uredinia

are shortly formed. These sori are produced in successive generations

throughout the summer. Telia develop from old uredinia, or as separate

entities, in the form of compact columns. The teliospores germinate

in situ, each one producing a promycelium which gives rise to four

sporida. A diagram of the life cycle is presented in text figure i }

In the United States and Canada the pine most frequently attacked is

Pinus strobus, although P. flexilis James and P. parviflora Sieb. and Zucc.

have been found infected. Practically every known species of Ribes is

susceptible to infection to a greater or less degree, and therefore the dis-

covery of an immune variety is much to be desired. The results of

inoculations on Ribes spp. in America have been reported by Spaulding

and Gravatt {36), and further work is being conducted with all the species

and varieties of Ribes obtainable.

EXPERIMENTAL METHODS

The method used for rapid examination of specimens of pine suspected

of being infected has been described in detail in a previous paper (7).

This procedure in brief is as follows : Sections from fresh pine bark are cut

on an ether freezing microtome, rinsed in water, stained in safranin and

Lichigriin, cleared in clove oil followed by xylol, and mounted in balsam.

They are then examined, preferably with an oil-immersion lens, to deter-

mine the presence or absence of the characteristic mycelium and the

striking haustoria of the rust, the latter being especially important from

a diagnostic standpoint. This method yields transparent sections which

for general morphological study have not been surpassed by following any

of the more complicated methods given below. Very little shrinkage

occurs in the mycelium, and as the method is usually employed before

pycnia and aecia appear, the preservation of the hyphae in as near their

natural shape as possible is practically all that is necessary. Moreover,

the host tissue shrinks so sUghtly that the distortion is entirely negligible.

Two killing agents were used in the preparation of material for paraffin

or celloidin embedding : (i) formalin-alcohol, made by adding 6 cc. of full

strength commercial formalin (U. S. P. VIII) to 94 cc. of 70 per cent

1 The drawings for the text figures were made by the aid of a camera lucida and a special projection appa-

ratus; for the drawings on the plates a camera lucida was used. The photographs and photomicrographs

are all original. The author is indebted to Miss Minnie W. Taylor, Assistant in Forest Pathology, for the

preparation of the drawing for text figure C of plate 56.
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alcohol; and (2) Flemming's fluid, both weak and strong. The first was

used for pine material only; the second for both pine and Ribes spp.

Formalin-alcohol gave excellent result not only for gross mycelial char-

acters but also in some cases for nuclear phenomena. The material sec-

10 glistenioq drops
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Fig. I.—Diagram representing the life cycle of Cronartium ribicola. The spores are drawn to approxi-
mately the same scale and are numbered in the order of their appearance: i, pycniospore; 2, seciospore;

3, urediniospore; 4, teliospore; 5, sporidimn. The repetition of the figure 3 in the broken line between
the urediniospore and the teliospore indicates that the urediniospores appear in successive generations in

a single growing season, a, A young pine branch at the time infection usually takes place: b, pycnial

drops; c, pycnial spots: d, aecia; e, the dots on the currant leaf represent uredinia; /, the dots represent
uredinia and the dashes telial columns; g, this figure represents the condition of the infected leaf in the
fall when the telial columns are the predominant spore fonns.

tioned easily, either in paraffin or celloidin, and stained well with safranin

and Lichtgrun or Haidenhain's iron-alum hematoxylin. Both concen-

trations of Flemming's fluid were very satisfactory. The material was
cut into pieces not over 3 mm. square, fixed for 24 to 48 hours and then
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thoroughly washed in running water. Certain generally accepted prin-

ciples of killing and fixing were considerably modified by greatly shorten-

ing the time the material was left in the different reagents. The time

the material remained in the grade alcohols was cut to 5 minutes for 10

per cent alcohol, 10 minutes for 15 per cent, 20 minutes for 20 per cent,

and 30 minutes each for 30, 40, 50, 70, 80, 90, and 95 per cent. Absolute

alcohol was used for 30 minutes with one change.

Xylol-alcohol was used both in short steps of 5, 10, 15, 20, 25, 50, and

75 per cent, or in a 25, 50, apd 75 per cent concentration. P'or the short

jumps the schedule of 5 minutes for 5 per cent, 10 minutes for 10 per cent,

etc., was adopted; for all the longer jumps 30 minutes were allowed.

The longer jumps apparently did not injure the material or its staining

qualities. Pure xylol was used for one hour, with one change. The

infiltration with paraffin was carried out as rapidly as was feasible, start-

ing with shavings of 45° paraffin in xylol in cold solution, for 12 to 15

hours (overnight), then at the water-bath temperature, gradually adding

more soft paraffin, for 24 hours. The mixture of xylol and paraffin was

replaced by pure 45° paraffin for two hours, the latter by 55° paraffin for

four hours, with one change and the material then embedded in the

harder paraffin.

.^^ciospores and telial columns with promycelia and sporidia attached

were killed in Flemming's fluid and handled with the aid of a centrifuge.

By using a short spinning at moderate speed to send the small objects to

the bottom of the centrifuge tube little material was lost in decanting or

pipetting off the different reagents. When the material had been brought

to pure paraffin, it was transferred to a glass tube 2 inches long with

X-inch bore, which had been previously well coated inside with glycerin

and stopfiered at one end with a close-fitting cork. This piece of tubing

was then placed in the centrifuge while hot and the centrifuge started

rather rapidly. After about a minute of rapid spinning the centrifuge

was slowed down and kept going at a modera.te rate until the paraffin was

completely cooled. Experience has shown that if the small objects are

simply allowed to settle and the tube then cooled in water, the paraffin

will solidify first next to the glass and remain fluid in the center with the

result that the core of the plug will be hollov/ when the final contraction

and cooling has taken place. The hollow may extend quite down to the

cork, making it impossible to cut a clean, well-shaped block for sectioning.

The use of the centrifuge completely overcomes this trouble and also

crowds the minute objects closer to the bottom of the tube against the

cork. When the paraffin has cooled, the cork is pulled out and the par-

affin plug pushed out of the tube.

The paraffin method was used exclusively for embedding bark and leaf

tissues. It was found that the bark tissue could be easily cut down to

5 M without resorting to hydrofluoric-acid treatment. Wood was treated
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with 50 per cent hydrofluoric acid and then embedded in celloidin/ or

was simply placed in 95 per cent alcohol and glycerin, equal parts, for

about 10 days to 2 weeks, and sectioned without embedding at all.

Neither of these two methods gave better sections than could be obtained

from fresh tissue with the aid of the ether freezing microtome and a sharp

knife, except in the case of tangential sections. A thickness of 10 to 20 ,u

was found the most favorable for the study of the mycelium in the differ-

ent elements of the cortex, phloem, and xylem. In sections thinner than

10 /x the mycelial strands were often torn out of place. For the study of

the pycnia and aecia sections were used as thin as 3 n, but 5 to 7.5 ix v^'ere

generally employed. Sections of uredinia and telia were cut 3, 5, and

7 IX thick.

For mounting. Land's fixative,^ potassium-bichromate + gum-arabic,

was found superior to egg albumen and was used almost entirely for bark

sections. It was also found more satisfactory for long sections of the leaf.

A rather long series of stains was employed, and a comparison of the

different features of the mycelium and host cells made from slides colored

with the different stains. The diagnostic method has already been

mentioned. Alcoholic safranin and clove-oil -f gentian-violet were par-

ticularly good for mycelium in the xylem. Safranin and Delafield's

hematoxylin was also a favorable combination for such infected tissue.

In the phloem and cortex the mycelium was well differentiated with

Delafield's hematoxylin followed by erythrosin in 70 per cent alcohol.

For cytological study Haidenhain's iron-alum hematoxylin in combina-

tion with aqueous Congo red, aqueous orange G, or Lichtgriin in 95 per

cent alcohol proved excellent. Host and parasite cell walls stained well

with the Lichtgriin, whether in combination with the hematoxylin or

safranin. Flemming's triple stain ^ gave the best results for cytological

study, with one or two exceptions to be mentioned later; and by using a

strong violet stain the mycelial and host relations at the bases of the sori

were brought out more clearly than with any other combination. The

gentian-violet was made up in small quantities, enough for one week, as

it does not keep well. All reagents from the safranin to the xylol were

handled with pipettes from dropper bottles and used but once.

It was found that material once correctly embedded in paraffin, sec-

tioned, and mounted, would stand the jump from 95 per cent alcohol to

water, then a 5-minute immersion in full strength hydrogen peroxid for

bleaching, wdthout shrinkage or distortion. The sections were rinsed in

1 See Plowman, Amon B. the celloidin method with hard tissues. In Bot. Gaz., v. 37, no. 6,

p. 456-461. 1904.

' See Chamberlain, C. J. methods in plant histology, ed. 3, 314 p., illus. Chicago, 1915.

3 The stains were made up according to the followiiiK directions: Safranin, Solution I: 2 gm. of safranin

in 95 cc. of 95 per cent alcohol; filter. Solution II: 5 cc. of anilin oil in 95 cc. of distilled water. Shake the two
solutions together and filter. Guntian-violET, Solution I: i gm. of gentian-violet in 15 cc. 95 per cent

alcohol. Solution II; 3 cc. of anilin oil in So cc. of distilled water. Mix the two solutions, shake, and filter.

Orange G: i gm. of orange G. in 100 cc. of distilled water.
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water after bleaching and kept in 70 per cent alcohol until they could be

stained. They were stained in safranin for one to two minutes, rinsed in

water, differentiated to the proper point with 50 per cent acid alcohol

and washed with fresh 50 per cent alcohol. They were then stained for

15 to 60 seconds in gentian-violet. The violet was followed at once by

the orange G with the slide held at an angle so that the orange G would

run off rapidly and carry the violet with it. Then a few drops of abso-

lute alcohol were mixed with the orange G which remained on the slide

to hasten the removal of excess violet, and the mixture v/as quickly

poured off. The mixing process and the pouring off of the mixture were

carried out as rapidly as it was possible to manipulate the reagents and

the slide. Then a few drops of fresh absolute alcohol were flowed quickly

over the slide. The absolute alcohol was replaced by clove oil, the clove

oil by xylol, and the mount then finished in balsam. The whole staining

and finishing process consumed only a few minutes and the results were

far superior to any obtained by following schedules calling for longer

staining. The success of the method depends on having good material

properly fixed, embedded, and sectioned, and on the use of fresh rea-

gents. The saving in time and the excellence of the finished slides more

than make up for the possible excess use of the more expensive alcohols

and oils.

The method of using the iron-alum hematoxylin was also shortened by

cutting the time in the mordant by from 10 to 30 minutes, and the time

in the stain by from 5 to 30 minutes. The results were particularly good

for the study of the centrosomes and dividing nuclei. It is obvious that

the shorter methods outlined above have distinct advantages over the

longer methods generally advocated, provided they yield satisfactory

finished products. The short method ^ for the use of Flemming's triple

stain is recommended to investigators who have had trouble with this

more or less capricious combina;tion.

MORPHOLOGY

INFECTION OF PINE AND EXTERIOR INDICATIONS OF PRESENCE OF PARA-

SITE PREVIOUS TO SPORE FORMATION

The actual process of the entrance of the sporidial germ tube in infect-

ing the pine has not been observed, and indeed the determination of the

actual point of natural infection is an exceedingly difficult problem.

Practically all infections first become evident by the etiolation or swel-

ling, or both, of the bark at the node or at some point in the internode.

The etiolation may be quite marked, as shown in Plate 48, A, represent-

ing a recent nodal infection. Internodal infections most often appear to

originate at the base of a leaf fascicle. A striking case of this type of

» This short method, varied slightly according to the material to be stained, has been very successfully

used at the University of Wisconsin and Columbia University, and the author makes no claim for its

originality.
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infection is shown in Plate 48, B, a. McCubbin (29) reports that out of

1,007 pine infections examined 925 originated at the bases of leaf fasci-

cles, 14 originated in wounds, and 68 were indeterminate. These con-

clusions controvert the scarcely tenable theory of Marchal (55) that in-

fection generally takes place through wounds. Observations on a large

number of infections at Kittery Point, Maine, indicate that most infec-

tions can be classed as either nodal or intemodal. However, it should be

borne in mind that infection probably takes place very often in the bud
while the nodal and internodal cells are scarcely diflferentiated. There-

fore the point at which infection appears to originate after the tissues in

the bud have elongated may be either nodal or intemodal, depending

entirely on the chance growth of the sporidial germ tube. In discussing

Peridermium pint Pers., parasitic on Pinus sylvestris I^., Hartig (19)

states that infections with this rust also originate either at the node or

the base of the leaf fascicle.

The swelling and etiolation of the bark noted above are the two

most prominent indications in early stages after infection of the presence

of the parasite. The swelling is confined to the bark alone, the wood
actually becoming constricted in old infections, and is due to the fact

that the mycelium of the parasite forces apart the phloem and cortex

cells of the host. No evidence of any increased division has been ob-

served in the bark cells, and there seems to be no stimulation toward

gall formation, such as occurs in other cases—^for example, on Pinus

virginiana Mill, under the attack of Peridermium cerebrum Peck. In

the case of the nodal infection in Plate 48, A, it will be noted that there

is little or no swelling; but, as stated above, both swelling and etiola-

tion may occur at the same time. The irregular edge of the etiolated

area marks fairly definitely the advancing tips of the invading hyphae,

which generally extend a little beyond the line.

Other less common external indications of the parasite are bunched

needles on seedlings or transplants and occasionally on older trees, and

short adventitious branches which spring from the infected nodes.

It frequently happens that certain secondary fungus parasites become

established on the area already attacked by the rust, and suppress

the latter so completely that spore production is partly or completely

inhibited. Under these conditions the bark dies and shrinks more

rapidly than under the attack of the rust alone, and the stem then

appears to be constricted, more or less irregularly, at the infected part.

All of these external indications are valuable aids to early recognition

of Cronartium, ribicola.

The period of incubation, from the time of infection to spore pro-

duction, varies from one to several years, depending possibly on whether

the infection takes place in early summer, and therefore under favorable

conditions for growth before winter, or in early fall, when growth has

unquestionably slowed down. The growth of the mycelium in the bark
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in some cases seems to vary directly as the succulence of the host. It

is at this time impossible to determine what part weather conditions

play, although it seems evident that, once infection has taken place,

external conditions cause little or no change in the growth of mycelium.

The time of production of gecia in the spring varies directly with warm

and favorable weather conditions.

MYCELIUM IN PINUS STROBUS

A brief summary of the main characteristics 01 the mycelium and the

relation of the parasite to the cells of the cortex and phloem of the

pine host has already been published (7); however, both subjects will

bear review in greater detail. No data can be given at this time on the

maxmer in which the mycelium enters the host tissue, because the

youngest stages of infection have not been observed. The course of

the hyphae is always intercellular (PI. 53). Conditions found at the

edge of the infected area indicate that the fungus makes its advance

first in the most recent phloem parenchyma and in the rays. This

holds true for infections of several years' standing, as well as for those

which, to judge from the size of the diseased area, could not have been

more than a year old. The hypha are relatively large, 3 to 5.5 /^ in

diameter, and are divided by cross walls into cells which vary con-

siderably in length (PI. 53). Each cell has a single conspicuous nucleus.

In transverse and radial sections the hyphae can be traced along the rays

past the cambium into thexylem (PI. 53). Here they are confined to

the region of the ray cells, with the exceptions noted below. Because

of difficulties in cutting transverse sections, which are at right angles

not only to the "grain" of the phloem but also to the general course

of the hyphae, such sections are not favorable for study, except in com-

parison with other sections cut tangentially or radially. In tan-

gential longitudinal sections of the cortex and phloem the myceUum is

frequently found in strands, which are especially prominent in the outer

phloem region. The strands may surround groups of the phloem

parenchyma. In some cases the older sieve cells appear to be filled

with hyphae; but careful observation shows that they have been split

apart and flattened out by the hyphae, which have forced their way

into the enlarged intercellular space, and thus practically occupied

the same amount of space that was formerly occupied by the living

sieve cells. In the rays the hyphae frequently fill the intercellular spaces

adjacent to the horizontal walls of the ray cells, and haustoria from

these hyphae penetrate the ray cells. Resin cells are also penetrated

by haustoria. In the xylem the same general conditions are met with

in respect to the ray ceils that are found in the phloem. Short haus-

toria arising from the hyphae in the angles between these ray cells bore

through the thin walls of the adjacent tracheids and enter the lumens
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of the tracheids ^ for a short distance (PI. 49, C). Such haustoria are

naturally limited in development.

Radial longitudinal sections are more easily cut from bark or wood
than transverse or tangential longitudinal sections because radial cuts

are splitting cuts. Moreover, in radial sections the vertical widths of the

rays are exposed, and therefore all the infected cells of the rays, with the

haustoria they contain, as well as the adjacent infected phloem and
xylem cells, are more readily examined (PI. 53). The hyphae lying along

one phloem ray frequently are united with similar hyphae lying along

adjacent rays by connecting strands. The latter may work their way
between phloem parenchyma or sieve tubes. In the xylem the ray

hyphae may be connected in the same way by hyphae, which pass from
one ray to the other in the intercellular spaces between the tracheids.

Often the edge of the ray is bordered by a hypha lying in the space

between the outer ends of the marginal cells of the ray and the tracheids

(PI. 53). In the resin-duct parenchyma and the cells lining the duct all

the cells are usually penetrated by haustoria (PI. 53). This applies to

vertical ducts in the wood and bark and to horizontal ducts in fusion with

rays.

The general features of the mycelium such as their more or less uniform

diameter, with occasional bulges where there is a little extra room in an
intercellular space, their relatively large size, uninucleate cells, and con-

stant relations to the host cells of the different tissues, are characteristic

enough to make the mycelium alone a sufficient basis for the recognition

of Cronartium rihicola before any spores are produced. The haustoria

often the most striking objects in the infected cells, are the most im-

portant elements of the mycelium from a diagnostic standpoint. The
haustoria apparently have the power to pierce the cell wall at any point

(PI. 53). Young haustoria are usually straight (PI. 58, B), constricted

at the point of passage through the wall, and irregularly bulging inside the

cell (PI. 53 ; 58, C, D). Their outline soon becomes more or less irregular.

In the phloem parenchyma they do not reach the development found in

the ray cells, where they coil on a wide spiral or curve at rather sharp

angles. The curve and the spiral are probably different expressions of

the same process—that is, the adjustment between the growing haus-

torium and the cytoplasm of the host cell. As Sappin-Trouffy (50, 51)

has pointed out, the haustoria of the rusts appear to seek out the nucleus

of the host cell, and sometimes even entwine it. No such extended

development has been observed in the case of the haustoria under dis-

cussion, but it frequently happens that the host nucleus is dented (PI. 53)
by the tip of the haustorium,. Olive {42) shows that the haustoria of

Botryorhiza hippocraieae Whetzel and Olive form botryose masses which

may almost completely fill the host cell. In this fungus the haustoria

* In a previous article (7) the statement was made that haustoria do not enter the wood cells. Improved
technic has shown this statement to be an error.
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are multinucleate ; in C. ribicola they are apparently always uninucleate

(PI, 53). In the latter fungus no case of more than one cell in a haus-

torium has been observed by the writer, although as many as three

tips are not uncommonly seen. It is difficult to determine whether the

haustorium is always cut off from the hypha from which it is originated

and this point will have to be left undecided.

When properly stained with any of the combinations given on page 623,

a sheath can be made out at the base of each haustorium (PI. 58, C, D),

enveloping it for a distance of several microns, as if the haustorium were

set in a cuplike holder. The sheath' really extends all over the hausto-

rium, but is generally very thin in the middle region. At the tip it is

as thick or thicker than at the base (PI. 58, E). In its staining reaction

the sheath resembles the v/all of the host cell. There is at least a possi-

bility that it is formed by the host cytoplasm in response to the irritation

or stimulus caused by the presence of the haustorium. Olive {42) states

that the plasma membrane of the host protoplasm is pushed in by the

haustorium of Botryorhiza hippocratea^as it invades the host cell. Ap-

parently the cytoplasm shrinks away;from the advancing haustorium in

some cases, leaving an appreciable space. This phenomenon has not

been observed in Cronartium ribicola, but it is certain that the plasma

membrane of the host cell is not broken nor pierced by the haustorium

;

It must be pushed in as the tip of the haustorium grows. The greatest

points of irritation produced by the haustorium in the host cell would be

the point in the cell wall through which the haustorium entered and the

point of contact of the advancing haustorial tip with the host cytoplasm.

Consequently it might be assumed that the greatest results from the

irritation would be observed at these two points—namely, at the base

of the haustorium and at its tip. At these two points the sheath is

thicker than at others. Possibly the narrow space which must occur

between the haustorium and the host cytoplasm membrane is the dump-

ing ground for precipitation products resulting from the irritation.

These products might constitute the beginning of the sheath which

would gradually increase in thickness as the age of the haustorium in-

creased.

The sheath certainly does not come into being at the time the hausto-

rium penetrates the wall, as Smith {53) has reported for the haustorial

sheaths of the Erysipheae. It has not been found in connection with

young haustoria in any case and seems to be an accompaniment of ma-

turity or old age. The hole in the host cell wall, through which the

young haustorium passes, is comparatively small (PI. 58, C, D) and at

first the wall is no thicker at this point than at any other. Whatever

thickening takes place at the point of penetration occurs after the hausto-

rium has entered the cell.

The young haustorium is full of cytoplasm, with a typical round

nucleus (PI. 58, B). As the wall of the haustorium, which is at first
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quite thin, thickens and the sheath develops, the cytoplasm becomes

vacuolate (PI. 58, C, D, E), and the nucleus loses its normal structure,

condensing into a shrunken deeply staining mass. In such a state the

haustorium can not function efificiently as an absorbent organ. At any

rate the host cell and its nucleus do not shov/ much evidence that the

parasite seriously interferes with the normal cell growth. Even when
the cells are completely separated by mycelial stands, the host nuclei

may remain apparently normal in shape and structure.

PYCNIA

On any given area of infection the pycnia precede the aecia, by at least

one growing season. Succeeding generations of pycnia and aecia follow

a more or less definite schedule. The plan of the advance of the fungus

is illustrated in Plate 54, A. Immediately surrounding the point of in-

fection the bark may show pycnia and aecia at the same time (PI. 48, B),

but in such cases the pycnia have either passed maturity or the aecia have

developed abnormally early. After the infection has spread for some

distance, provided that the tree is not less than several inches in diam-

eter, the pycnial area is normally always in advance of the aecial area.

The sequence of the etiolated bark, pycnial area, and aecial area is evi-

dent in Plate 54, A.

Very young pycnia are difficult to find. They seem to develop rapidly

when once started, for none have been examined which were mature in

the center and still young at the periphery, a condition which is com-

monly met in aecia and uredinia. The hyphae which contribute to forma-

tion of the pycnium force their way between the cells of the outer cortex

in a direction at right angles to the outer surface of the bark (PI. 49, B, a).

They are aggregated between the outermost cortex cells and the periderm,

forming a layer of pseudoparenchyma two to four cells thick (PI. 49,

B, 6). From this layer arises a series of short branching trunks (PI. 58,

A, c). Each of the ultimate branches from these trunks is a long sporo-

phore, on the tip of which a number of pycniospores are formed, one after

another (PI. 49, A, B; 58, A, a, b). Roughly speaking, the pseudo-

parenchyma makes up one-fourth, the short branching trunks one-fourth,

and the sporophores one-half of the vertical width of the sorus (PI. 49, B,

58, A). Pycniospores are produced in large numbers. Mixed with a

thin sweet gelatinous fluid, they collect between the sporophore tips and

the periderm layer (Pi. 49, A) forcing the latter up into the form of a

shallow blister. Finally a small break in the periderm layer allows the

spores to escape, together with the sweet fluid, in the form of a honey-

colored drop called the pycnial drop (PI. 48). The pycniospores are

typically pyriform (PI. 58, A, b), measuring when mature approximately

2.5 by 3.5 fx. Their mode of formation appears to agree closely with that

of the pycniospores in other rusts. At the rounded tip of the sporophore

a bud is formed which swells until it reaches the size of a mature spore
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(PI. 58, A). After receiving its nucleus the spore is abstricted. No evi-

dence of a collar like that figured by Blackman (2) was seen, unless the

odd constriction of the cytoplasm shown in Plate 58, A, c, can be consid-

ered as a collar. This phenomenon is quite common. Occasionally long

hyphal filaments grow some distance out beyond the tips of the sporo-

phores. The structure of the spores is typical of pycniospores in general.

They appear to be completely nonfunctional. No attempt was made to

germinate them.

The dark areas on the bark which indicate the location of the pycnia

are designated pycnial spots (PI. 54, A, h; 48, B). They are honey-yellow

to brown-yellow at first, but they gradually assume a color like that of

clotted blood as the pycniospores mature and ooze out, and may finally

become almost black. Later, when the covering of cork cells sloughs off

or is eaten off by insects, the drying cells of the host tissue beneath turn a

typical light pink color. After reaching maturity the pycnium is cut out

from the host tissue by the formation of a cork cambium and the deposition

of a cork layer at a depth of four to six cells below the bottom of the

pseudoparenchyma base of the sorus (Pi. 50, C, h). It is the exposure of

this layer which reveals the typical color of newly formed cork cells.

The pycnial spots, whether young or old, are valuable diagnostic char-

acters, because they often make possible the detection of infected trees

before secia are produced—that is, in time to destroy such trees before

geciospores can spread the disease.

^CIA

i^cia appear in April, May, and June. Very often the whole area on
which aecia can normally develop in a given season is covered with closely

crowded son pushing their way through widening cracks in the bark.

By the middle of May the peridia are usually broken and the spores

escape in orange-yellow pollen-like showers. Spore production continues

for some time after the aecia open. Young aecia are easily obtainable at

the edge of the aecial area where their presence is indicated by a thin

yellow hne just beneath the outennost layers of the bark cells. The
hyphae contributing to the formation of the secium are aggregated into a

mycelium, which is clearly made up of elements running tangentially

among the host cells at a depth of 6 to 10 cells below the periderm layer.

By their continued growth these hyphs force the host cells apart, so that

the latter become isolated and embedded in a matrix of tangled myce-

lium (Pi. 50, B). This separation may extend to a depth of 15 to 20 cells

in the cortex. About 6 to 8 cells below the periderm layer a mass of

pseudoparenchyma is formed by the packing together of the hyphae. In

the pseudoparenchyma a layer of fertile cells becomes discernible by their

denser protoplasmic content (Pi. 50, A, 6; 54, B, fc).

The fertile cells cut off rows of sterile cells (PI. 54, B, i'c) , 6 to 1 2 cells long,

which may increase in size at first, but which later degenerate to make
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room for the developing aeciospore chains. These sterile cells correspond

to the buffer cells of Olive {41) and Fromme (14, 15). The cells of the

fertile la5^er, which are somewhat larger than those of the vegetative

mycelium, may fuse in pairs, the fusion beginning in the center of the

sorus and proceeding centrifugally toward the periphery, as is normally

the case in the aecium and its analogs. As a result of the fusion and
union of the cell contents of the contributing cells a large cell is formed,

the basal cell (Pi. 58, I, J), which will give rise acropetally, by repeated

division, to the geciospore chain. The fusion seems to be complete as far

as the cells are concerned, and evidently takes place rapidly, as there is

only occasional evidence even in very young aecia of remaining parts of

the cell walls which originally separated them (PI. 58, I). The two cells

are not always at the same stage of development, as one of the cells is

often shorter or at a lower level than the other (Pi. 58, J). However,

there is little ground for considering the two cells as different in kind.

The essential process is the cell fusion and consequent association of the

nuclei to form the dikaryon ^.

Fusion of more than two cells also occurs, trinucleate and tetranuclaete

basal cells being quite common, ^ciospore chains arising from such basal

cells may contain the same number of nuclei as the basal cells, just as in

aecia of other genera. Trinucleate basal cells are very numerous in young
sori and at the edge of older ones, but the number of trinucleate geciospore

chains is considerably less than one would be led to expect from the

number of the trinucleate basal cells. There is a possibility that the

extra nucleus frequently degenerates, evidence of this being occasionally

seen. This point will be discussed briejfly later on. Multiple cell fusions

of a more complex character are also common (PI. 58, K, L) recalling

Olive's (47) and Fromme's (14) observations. The nuclei and cytoplasm

of a number of adjacent cells, not only those in the upper row of the fer-

tile layer but also others considerably below that level, become associated

in one large irregular cell (Pi. 58, L). What happens to these large cells

is not clear. The probability that the multiple fusion cells may give

rise to a number of spore chains is reservedly suggested here.

FORMATION OF PERIDIAL CELLS AND ^CIOSPORES

The basal cell divides into an upper part, the geciospore initial cell,

and a lower part, potentially equivalent to the primary basal cell (Pi. 58,

M) . Each of the first few cells cut off from the basal cells normally divides

into two cells of unequal size. The larger cells thus formed adhere more or

less completely into a layer three to five cells thick which constitutes

1 The term "dikaryon " is to be preferred to that of "synkaryon," the more common term, because of the

earlier use of the latter name to designate the fusion nucleus resulting from the union of the male and female

gamete nuclei by zoologists. Pavillard's {43) objection to synkaryon should be sustained, and Maire's

{33, 34) suggestion that dikaryon be substituted for the older word has the virtue of correcting an error and
supplying a distinctive term for the unique condition found in the rust spwrophyte and the Basidiomycetes

in general.
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the peridium (Pi. 56, B) ; the smaller ones go to pieces. At the periphery of

the sorus several adjacent basal cells cut oflf units which never become

functional aeciospores but which always form peridium. The small

cells between these peridial cells indicate that the potential aeciospore

initial, although destined to become a peridial cell, regularly divides to

form two cells homologous to an aeciospore and an intercalary cell (Pi.

56, A). Thus, the multiple-layered peridium of Cronartium ribicola is

formed in the same general manner as reported by Fromme (75) for

the peridia of other deep-seated aecia. When first formed, the individual

cells are subspherical to elliptical, and smooth-walled. As the sorus

matures, their walls thicken and their outline changes according to their

position in the peridium. All tend to become more or less polyhedral.

The cells at the top of the sorus are usually more rounded than those at

the sides, since the latter are elongated by the pull exerted on the sides

as the developing spore chains force the central part of the peridium out.

Therefore, the size of the cells varies widely (18 to 40 by 12 to 42 fx).

The mature wall is 3 to 9 ^i thick. The walls of the outermost cells are

smooth or slightly granular, while the inner cell walls are studded with

short tubercles v/hich sometimes appear to mesh with those of the adjacent

cells, perhaps contributing thereby to the strength of the peridium as a

whole (Pi. 56, B). The cell contents of the peridial cells slowly degen-

erates until they become empty shells.

After the cells which form the peridium are abstricted from the basal

cells, the aeciospore initials are cut off. Each aeciospore initial cell under-

goes division into a larger upper cell, the aeciospore, and a smaller lower

cell, the intercalary cell (PI. 58, W, M, b, X, Y, c, d). By the repeated

divisions of the basal cell a row of alternating spores and intercalary

cells is formed which constitutes the aeciospore chain (PI. 50, B; PI. 58,

Y). After the division of the aeciospore initial cell, both resulting cells,

the aeciospore and intercalary cell, grow rapidly. The aeciospore reaches

its normal broadly elliptical shape when about three or four spores dis-

tant from the basal cell. The intercalary cells elongate, eventually

becoming mere thin connecting elements between the aeciospores in the

chain, and finally disintegrate entirely. The spore w^all thickens greatly

when the spore has attained its full size. A thin space in the wall, sug-

gesting the germ pore of other rust spores, is evident at the point of

attachment of the aeciospore and the intercalary cell below it (PI. 58,

Y, Z). This thinner place in the v^^all may persist even in the completely

matured spore. It is comparable to similar phenomena in other rusts

and does not normally function as a germ pore. The mature spore

measures 18 to 21 by 20 to 26 /x- The aeciospore wall seems to be made

up of two parts, an endospore overlain by a somewhat thicker exospore.

The latter is distinctly characteristic of aeciospores of Peridermium spp.

Part of it is cracked up into tubercles or warts, which makes it decid-

edly verrucose, and the rest of it is smooth (PI. 58, Z). The smooth
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area is more or less indefinite in extent at the basal end of the spore.

Verrucose and smooth areas grade one into the other along the irregular

line which separates them. The smooth area is fissured near its edge

into blocks which become smaller and smaller until they approach the

size of the tubercles of the verrucose area (PI. 58, Z).

No completely satisfactory explanation of the manner inwhich this type

of spore sculpturing arises has come to the writer's attention. The follow-

ing theory is reservedly offered. The two walls of the spore are present

when the spore is quite young, and both continue to grow and thicken

up to a certain point or until the spore has nearly reached its full size.

The outer wall hardens more rapidly than the inner one and in conse-

quence becomes fissured irregularly as the still elastic inner wall con-

tinues to expand under the pressure of the growing spore content. The

longer growth in size continues the more complete will be the fracturing

process and the larger the verrucose area in proportion to the smooth

area. Experimentally, the smooth area can be converted into verrucose

area by soaking the spores in water. After several hours, if germina-

tion does not take place in the meantime, the spore absorbs water enough

to cause it to increase appreciably in size. The tubercles of the verru-

cose area become free from their attachment to the inner wall and float

around in the water. The smooth area, under the expansion pressure

exerted as the inner wall swells, cracks and fissures until it becomes

irregularly verrucose, approaching the conditions found on the normal

verrucose area of the mature spore. The process of Assuring can be

watched quite easily. The experiment at least suggests the manner in

which a type of spore sculpture so oddly irregular could arise.

The spore wall on the smooth area has been heretofore considered to

be thicker in section than the verrucose area. Examination of complete

sections of the spores shows that this is not always the case. In fact,

it is only in occasional instances that it holds true. As a rule, there is

no appreciable difference in the thickness from the inner edge of the wall

to the outer tip of any given tubercle and the thickness from the inner

edge of the wall to the outer edge of the smooth area. When dealing

with whole spores, refraction phenomena increase the difficulties in

measuring the true thickness of a curving wall of the type presented in

the smooth area of the aeciospore of Cronartium ribicola and may account

in part for the misinterpretation of the actual condition.

GERMINATION OP ^CIOSPORES

Germination of the aeciospores may take place rapidly under favorable

conditions, but as Maire (32) aptly puts it "la germination des ecidio-

spores * * * est parfois ires capricieuse." The work of Spaulding and

his assistants has shown that spores which would not germinate at all in

hanging-drop cultures, on a water film, or on moist filter paper, either at

room temperature or in the ice box, or at room temperature after cooling
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in the ice box, were perfectly capable of producing infection on species of

Ribes. These results confirm those of Klebahn (25), who found that

seciospores which would not germinate in water did germinate very

rapidly on leaves of Ribes spp. and only less rapidly but still abundantly

on a gelatinous decoction of leaves of Ribes spp. These experiments sug-

gest the probability that some direct chemotactic stimulus is exerted

by the leaves of Ribes spp. on the seciospores. Klebahn has pointed

out that there is considerable difference between the faculty for germina-

tion, as determined by artificial cultures, and the faculty for infection.

Spaulding and his assistants have further determined that seciospores

frequently germinate—-even then only a relatively low percentage of

fresh spores do so—more readily after cooling in the ice box than at room

temperature, and that sometimes they have to remain in the ice box to

secure germination. Too much water is often as inimical to germination

as too little. A single spore may produce one to several germ tubes

(PI. 59, A), which attain considerable growth in artificial cultures.

Where the germ tube passes through the heavy exospore it is constricted

as shown in Plate 59, B. The tubes branch freely. The protoplasm is

densest at the advancing tips of the hyphge.

INFECTION OF RIBES SPP. AND MYCElylUM IN THE LEAF

Whether the germ tubes have the power to pierce the upper epidermis

of the leaf of Ribes spp. or must always come to rest in a favorable posi-

tion on the lower epidermis in order to cause infection is not definitely

known. All the evidence gathered from the examination of artificially

inoculated leaves points to the conclusion that infection occurs normally

as a result of the germination of the seciospore on the lower surface of the

leaf and the subsequent passage of the germ tube through a stoma. No
evidence either of any break in the upper or lower epidermal cells, or of

the remnants of any liypha passing through them, has been discovered.

Furthermore, the mycelium is always abundant in the air chambers

adjacent to the stomata, even in very young infections, and occasional

remnants of spores and hyphge near and in the stomata point to the

stomata as the avenue of infection.

The first indication of infection in the leaf of species of Ribes is often

indicated by the paling of the infected areas. Sections of such areas

show that the mycelium has spread in the intercellular spaces and air

chambers of the mesophyll. Haustoria (PI. 59, D) enter all types of the

leaf cells, with the possible exception of the xylem elements of the bundles,

although they are comparatively rare in the epidermal cells. The cells

of the mycelium and the haustoria are binucleate (PI. 59, C, D). Gener-

ally there is a much smaller relative amount of mycelium in the leaf

tissue than among the same number of host cells of the pine. The loose

structure of the mesophyll allows plenty of room for the hyphae to grow

without severe crowding of the host cells. In fact, the hyphse are aggre-

gated only at the time of production of uredinia or telia.
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UREDINIA

The development of the uredinium is illustrated in Plate 51, A, B, and
55, A-C, which form a series from the very beginning of the formation
of the sorus to its maturity. When the uredinium starts to form, the
fungus cells may be found aggregated in groups in some large air space,

generally near a stoma. Certain of the cells in each group become
oriented with their long axis more or less at right angles to the epidermis,

against which they are closely appressed (PI. 55, A). These cells are

functionally equivalent to the basal cells of the mature sorus, in that

from them arise the cells which go to make up the peridium, and the first

urediniospores. The first division of any one of the vertically elongated

cells results in the formation of a cell which adheres to its neighboring

homologous cells to make the peridium (PI. 55, B, a). In the second
division the first urediniospore initial cell, or its equivalent, is cut off.

This divides immediately to form the first urediniospore and stalk cell

or their equivalents. The position of the cells referred to, as they appear
in a young uredinium, are illustrated in Plate 55, B, in which a is the

peridial cell, b the young urediniospore or its homolog, c the stalk cell

or its homolog, and d the basal cell. It will be noted that the arrange-

ment of the cells suggests that the sorus is made up of a compact aggre-

gation of vertical rows of cells. This arrangement is temporary for the

middle region of the sorus, but permanent for the circumference of the

sorus. Plate 55, B, which represents a median section from a young
uredinium, can be duplicated by taking sections through the edge of any
mature sorus. This fact should be kept clearly in mind in any discussion

of the structure of the uredinium.

The first urediniospores mature in the middle of the sorus (Pi. 51,

B, 6). Their formation and method of growth corresponds closely with

the production of normal stalked urediniospores in other rusts. To re-

peat the process suggested above: The basal cell undergoes division

(PI. 55, C, c; 59, E-I). The upper cell is the urediniospore initial (Pi.

59, J, Iv) ; the lower cell is potentially the equivalent of the original basal

cell. The urediniospore initial now divides (Pi. 59, K, L, M) to form a

larger upper cell, the urediniospore, and a smaller lower cell, the stalk

cell (PI. 51, B, h, c; 55, C, d). While this process is going on, the layer

of cells constituting the peridium gradually separates from the underly-

ing urediniospores along the line between the cells marked "a" and
"6" in Plate 55, A. The figures in Plate 51, A and B, represent steps in

the process leading up to conditions shown in Plate 55, C. As the uredinio-

spores grow, the peridium (Pi. 51, A, a; B, a) is forced up into a dome.

The individual peridial cells lose the regular shape and outline shown in

Plate 59, B, a, and become irregularly compressed or obliquely flattened.

The growing urediniospores develop pressure against the epidennal cells,

which flattens them out and finally causes them to be torn apart (Cf.

PI. 51, A, B, with PI. 55, C). The break in the epidermis frequently

88090°—19 2
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comes at a stoma, sometimes extending from one stoma to another; but

the break in the peridium, when it finally occurs, is confined more or less

definitely to the top of the dome. Usually the peridial cells around the

break are irregularly thickened (PI. 55, C). The orange-yellow uredinio-

spores work their way out through the opening, sticking more or less

closely to each other to form a spore crown on the top of the peridium.

The basal cells continue to cut off urediniospore initials by a process sim-

ilar to that involved in the formation of the primary initials, which has

been described above. The secondary urediniospore initial may be

formed alongside the base of the stalk of the first-formed urediniospore

before the latter has reached maturity (PI. 55, C, c; 59, N). The second-

ary initial then divides to form a urediniospore and stalk cell, in the same

way as the primary initials. Meanwhile the stalk cell of the primary

urediniospore elongates, withers, and goes to pieces. While no more

than two spores have been found in connection with a single basal cell,

each basal cell must frequently give rise to several spores, to judge from

the number produced in a single sorus. The size of the mature spore

(PI. 59, P) is 10 to 20 by 19 to 45 ix.

The spore-bearing basal cells are confined to the middle part of the

sorus. In figure C of Plate 55 it will be noted that on either side of the

group of spores there is a group of parenchyma-like cells {g) made up of

units which are arranged in more or less vertical rows. The cells of any

individual row of four cells may be homologized with the cells lettered

a, b, c, and d in figure B of Plate 55. This parenchyma-like tissue forms

an encircling bank of cells which completely surrounds the mature uredi-

nium. In this tissue the row arrangement of the cells shown in figure B
persists, although the cells themselves lose their contents and become

practically dead by the time the basal cells in the middle of the sorus

are actively forming urediniospores.

The uredinium seems to be limited more definitely than either the

pycnium or secium in its ability to extend in a centrifugal direction. Its

extent is predetermined, much more exactly than in the case of the two

other sori, by the amount of massed myceHum from which it arises.

Both pycnia and aecia originate in tissue which is comparatively full of

myceHum before they start to develop. In the leaf of species of Ribes

there is rarely any massing of the hyphae to form the packed mycelium so

common in the pine host, and the leaf cells are only occasionally dis-

torted except in the immediate vicinity of the uredinia and telia.

GERMINATION OF THE UREDINIOSPORES

Urediniospores exhibit the same irregularity in germinating in arti-

ficial cultures as do the geciospores. Even when they are dusted over the

surface of young, fresh, moistened leaves and placed in a damp chamber

they may or may not germinate in large numbers. On a water film they

absorb water and swell considerably. The cytoplasm becomxcs vacuo-
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late. The germ tube passes through the exospore without the aid of a

germ pore, assuming at first the shape of a more or less swollen vesicle

(Pi- 59. Q)- This lengthens rapidly into the young germ tube (PI. 59,

R), into which pass the contents of the spore. The endochrome and
protoplasm are densest at the tips of the tube and in its branches. Duff

{12) has shown that change of temperature stimulates the urediniospores

to germinate and that light, especially ultra-violet light, may completely

inhibit germination. This action of light may have a direct bearing on
the apparent failure of the spores to cause infection at long distances

from their source. All the evidence at hand points to the conclusion

that the germ tube causes infection by passing through the stomata on the

lower surface of the leaves. However, the tube may extend some dis-

tance over the leaf surface before actually entering a stoma, in such cases

passing directly over stomata in its path. Urediniospores may retain

their vialUility for some weeks. The uredinium is the repeating sorus in

the life cycle of Cronartium ribicola (fig. i), and the spores in succeeding

generations infect leaves of Rihes spp. until late summer.

TELIA

Telial columns arise either from old uredinia or as entirely new and
separate entities. They appear later than the uredinia and are more
common in late summer. In the fall they are usually the predominant

spore generation present. In the greenhouse they are produced through-

out the year. On a given infected area the columns may occupy the cen-

tral part where the uredinia were first produced, surrounded by a narrow

peripheral region bearing the most recently formed uredinia. The
development of the teUal column is the same whether it is from an old

uredinium or in a new sorus and, as the latter is probably the most

common occurrence, it will be described. The massing of the hyphae,

formation of the peridium, and the parenchyma-like cells which surround

the spore-bearing part of the sorus, and the orientation of the basal cells

proceed exactly as in the uredinium. It is impossible to tell very young

uredinia and telia apart. The binucleate basal cells undergo division

(PI. 59, S, T, U, V, W) in the same manner as in the case of the uredinium,

but the cells cut off do not divide as in the other sori described. Instead

they lengthen out and become teUospores. Each basal cell cuts off a

vertical row of spores (PI. 52, A, B), the central cells of the sorus pro-

ducing spores slightly ahead of the cells at the periphery, as in the

aecium and uredinium. As the spore columns lengthen, the peridium

is pushed up into a dome (PI. 52, A), which later ruptures (Fl. 52, B)

and goes to pieces. The spores lengthen and soon reach full size, at

about which time they become provided with a substantial wall slightly

thickened at the upper end (PI. 57, A, B, C). The first spores cut off

—

those at the tip of the column—are more or less polyhedral (PI. 52, B;

57, A); the other spores are typically broad spindle-shaped (PI. 52, D;
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57, B). They usually touch, but do not crowd one another. Adjacent

to the points where one spore abuts on its neighbors there may be con-

siderable space. Cross sections of the columns (PI. 52, E) show that

the spores are only very slightly angular as a result of mutual pressure.

Although they vary widely, normal mature teliospores average approxi-

mately 16 by 42 /i, with a wall about 2 ix thick. They are uninucleate,

as a result of the fusion of the two nuclei which are normally present

in the young teliospores. The mature telial column is an aggregation of

a number of vertical rows of mature teliospores (PI. 52, C). The length

and diameter of the columns vary greatly ; they may attain a length of

2 mm. and an average width of approximately 100 ju. They are usually

curved or semispiraled, a result apparently of unequal development

of the spores of some of the rows. They vary from almost spherical

to irregular ovoid or elliptical in cross sections. Occasionally abortive,

nondeveloped spores are scattered throughout the length of tlfe column

(PI. 52, C, D). Other abnormalities will be discussed briefly later.

GERMINATION OF TELIOSPORES AND PRODUCTION OF SPORIDIA

All of the spores in the telial column may germinate in situ (PI. 56, C).

The exospore pushes out at some point in the form of a rounded papilla,

which ruptures and allows the extrusion of a stout germ tube—the

young basidium or promycelium (PI. 57, D). This reaches its full size

in a few hours and then becomes divided into five cells (PI. 57, R)

From each of the four upper cells arises a stout sterigma, on the tip of

which the sporidium swells to its full size (PI. 57, S-V). When abstricted,

the sporidium is almost exactly spherical, measuring approximately 8 to

10 // in diameter. At one point on the thin wall is a tiny papilla-like

swelling, which marks the point of attachment to the sterigma (PI. 57,

AA, HE, GG).

The germ tubes from the spores in the middle of the column work

their way out through the intersporal spaces and then develop in the

manner described above. If the teliospores germinate under water,

the germ tube lengthens out into a narrowly spiraled or twisted hypha;

in other words, promycelia do not develop unless they have access to the

air. The color of the germinating column, a very pale pink, gives a

distinctly characteristic appearance to the fungus at this stage.

GERMINATION OF SPORIDIA

The sporidia germinate in artificial culture by sprouting relatively stout

germ tubes (PI. 57, X, Y, Z, BB) which probably continue growth in the

normal fashion under favorable environment. In many cases, however,

the short germ tube swells at its tip on reaching a length of several mi-

crons and the swelling becomes a secondary sporidium, apparently ex-

actly similar to the primary one (PI. 57, CC, DD). Sappin-TroufiFy (51)

has figured the same phenomenon for the sporidia of Cronartium flaccidum
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Alb. and Schwein. on Peonia officinalis. It is apparently a common
occurrence. Just how the sporidia reach the pine is not known, but it

may be assumed that they are usually air borne. Infection of the pine

host follows their germination under favorable circumstances on young
pine shoots.

CYTOLOGY

PREVIOUS INVESTIGATION

Our knowledge of the cytology of the genus Cronartium is very frag-

mentary; in fact, no reference has been found to the nuclear phenomena
accompanying the formation of any bark-inhabiting aecium of this group.

Poirault and Raciborski {44) figure silhouettes of the nuclear division,

as they interpreted it in the formation of the seciospores of the form known
to them as Peridermium pini acicolum} Sappin-Trouffy (57) gives a fair

diagram of this acicolous type of aecium and the nuclear division at its

base. His diagram of the telial column of Cronartium fiaccidum indicates

the phenomena accompanying the production of teliospores, though the

figures are too minute to be more than suggestions of the actual condi-

tions. He regards the processes as closely similar to the nuclear phe-

nomena in other rusts, in which he is quite correct. Aside from the work
of these authors, nothing beyond incidental mention of the cytology of

the genus Cronartium has come to the writer's attention.

It is hardly necessary to give an extended resume of the work of pre-

vious investigators on the cytology of the rusts, on account of the excel-

lent reviews which have been published by Blackman (2), Christman

{4, 5, 6), Fromme {14, 15), Maire {32), Guilliennond {16), and Ramsbot-
tom {46). Moreau {36, 37, jp) revives the older view that there are but

two chromosomes in the rust nucleus, which hardly seems tenable, and
establishes the presence of centrosomes in the resting nuclei {36). This

subject will receive further consideration later. Fromme's (75) recent

paper on the morphology and cytology of the aecium clears up the matter

of the formation of the deeper seated sori and establishes the similarity

of spore formation in the caeoma and aecium. The life history of a com-
plete rust is divided into two stages : the gametophyte, with uninucleate

cells, and the sporophyte, with binucleate cells. The gametophyte be-

gins with the reduction division, or its equivalent, in the promycelium

and continues up to the fusion of the gamete cells at the base of the aecium,

which initiates the dikaryon. The sporophyte begins with the inception

of the dikaryon and continues up to the reduction division, or its equiv-

alent, in the promycelium. The association of the nuclei in the basal

cells of the secium is regarded as the equivalent of a true fertilization,

and the fusion of the two nuclei in the young teliospore as the completion

of the process necessary for a mixing of the chromatin elements previous

to reduction {31). The nuclear divisions are true mitotic divisions, accom-

' Vuillemin {.62) also retx>rts some of the phenomena accompanying seciospore formation in Pert</«rmtUffi

pini.
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panied by centrosomes or their equivalent, true spindles, and chromo-

somes. The character of the latter is still unsettled. In the dikaryon

both nuclei divide simultaneously in conjugate division.

The chief differences of opinion have been in regard to the nature of

the two cells which fuse to form the basal cells and in regard to the sterile

cells. Blackman {2) held that the two basal cells were unequal, either

in size or time of development, and that one, the larger, received the

nucleus of the other, the smaller, by a process of nuclear migration

through a comparatively small pore. After Christman's paper (4)

announcing the fusion of two equal cells by the complete absorption of

their appressed walls, Blackman and F'raser (j) investigated a number

of forms and stated that the dikaryon might arise (a) through the process

of nuclear migration from one cell to another, as Blackman first re-

ported, or (b) by a similar nuclear migration from one vegetative cell to

another below the fertile layer, or (c) by the process described by Christ-

man. Most of the evidence since brought to view has supported Christ-

man's theory. Olive {41) has pointed out that the manner of fusion is

not of great importance, inasmuch as the conjugating cells are not

definitely organized as male and female organs; for the essential result

of the fusion is the establishment of a dikaryon by the association of two

nuclei and their accompanying cytoplasm, regardless of their individual

origin.

The sterile cells cut off from the fertile cells before fusion have been

regarded as homologous to the trichogyne of the Florideae (2); as

buffer cells which protect the developing basal cells below {15, 41); or

as degenerate female gametes, which once were fertilized by the now
nonfunctional pycniospores. According to this last theory, advanced

by Moreau (40), the cells as a group constitute a preaecium (ipreecide) and

the individuals preaeciospores (preecidiospores) . Fromme (i^) has shown

that the number of sterile cells varies considerably in different species

and suggests that they are formed in response to the general conditions

of environment under which the particular sorus happens to be devel-

oped.

In the following presentation of the cytological details in Cronartium
ribicola the fusion nucleus in the mature teliospore will be taken as the

starting point, inasmuch as it is the first stage in the nuclear history of the

gametophyte generation. The nuclear processes accompanying the

production of the different spore forms can then be described in logical

cytological sequence and at the same time in chronological order.

NUCIvEAR PHENOMENA IN FORMATION OF PROMYCELIUM AND PRODUC-
TION OF SPORIDIA

With the germination of the teliospores the morphological history of

the gametophyte may be said to begin. Coincident with this germina-

tion, changes occur in the fusion nucleus. As the promycelium reaches



Dec. 23. i9i8 Parasitism of Cronartium ribicola 641

its full size the fusion nucleus, formed by the union of the two nuclei in

the young teliospore, migrates from the teliospore into the promycelium
and starts to divide (Pi. 57, E). The membrane becomes irregular and
disappears (PI. 57, F) at the same time that the chromatin granules increase

in size. These granules become longer and more deeply-staining units,

which form a tangled mass in the position occupied by the fusion nucleus

when it moved out into the promycelium (Pi. 57, G). A definite spindle,

with centrosomes at the poles, then develops. At the middle of the

spindle the chromatin tangle becomes arranged in an equivalent of the

equatorial plate stage. In the next stages the chromatin is in the form
of separate units (PI. 57, H, I), which can be clearly seen under favorable

conditions and proper differentiation. Plate 57, I, shows 16 such units

which apparently are equivalent to distinct chromosomes. They sepa-

rate into two groups, and the elements of the groups migrate along the

spindle to the corresponding poles (PI. 57, J, K). Radiations from the

region of the centrosomes are present, but not easily stained during

metaphase (PI. 57, I), and quite long and prominent throughout ana-

phase (Pi. 57, K) and at telophase (PI. 57, L, M). They seem to be due
to cytoplasmic condensation rather than of the nature of true astral

rays. The two chromatin groups in late anaphase are condensed into

irregularly lobed masses (Pi. 57, L, M) at the ends of a more or less

curved strand of suspension fibers, recalling Blackman's figure 31,

Plate 21, (2). The suspension fibers disappear, the daughter nuclei

reorganize around the chromatin groups as centers, and a wall divides

the young promycelium into two cells (Pi. 57, N). A second division

follows immediately (Pi. 57, O, P, Q). The two pairs of granddaughter
nuclei thus formed are then separated by cross walls (Pi. 57, R), and the

4-celled promycelium completed. As a rule, the empty basal portion of

the promycelium is also cut off by a wall, so that the promycelium really

has five cells, four active and one, the stalk, practically dead. Each
nucleus is relatively small, with a definite nucleolus and a minute centro-

some. The contents take the form of a fine granular network.

From each of the four active cells of the promycelium a stout sterigma

is protruded (PI. 57, S), on which a single spherical sporidium is formed

(PI. 57, V). The nucleus of the cell migrates through the sterigma

(PI. 57, U), taking on an irregular shape during the process, and then

rounds up into its normal form (Pi. 57, AA). The division of this nucleus

to form a binucleate sporidium (PI. 57, GG) is quite common, and the

karyokinetic figures are particularly striking. Early and late anaphase

stages are represented in figures EE and FF, Plate 57. The nuclear

behavior in the formation of secondary sporidia was not followed. In

germinating sporidia the nucleus probably migrates into the germ tube

and there divides, although the figures of this process were indefinite

and unsatisfactory. Figure BB of Plate 57 illustrates a common con-

dition which indicates that the nucleus is preparing to divide, at the same
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time moving toward the germ tube. At present no data can be given on

the young mycelium from the uninucleate or binucleate sporidia, and

this comparison must remain impractical until the process of sporidial

germination and infection of the pine can be more closely followed.

NUCLEAR PHENOMENA IN VEGETATIVE MYCELIUM IN PINUS STROBUS

The uninucleate mycelium produced in the bark of Pinus sirobus

following infection by the sporidia has already been described. The

nuclei are completely organized, with a definite nucleolus, chromatin

network, and membrane (PI. 57, HH, II). The chromatin appears to be

more or less definitely centered on one point on the nuclear membrane

where the centrosome is located. This condition of the arrangement of

the chromatin elements of the nucleus will be referred to as polarization,

and will be discussed in connection with its appearance in other stages

in the cytological cycle. Few cases of vegetative division have been

observed in the vegetative cells, but the stages of the process which have

been seen indicate that there is a t5^pical rust spindle and that the divi-

sion is comparable to the vegetative divisions described by Olive (41).

NUCLEAR PHENOMENA IN PYCNIUM

The nuclei in the pseudoparenchyma layer from which the short

branches bearing the pycnial sporophores arise are quite similar to those

of the vegetative mycelium in shape, size, and organization, but they are

colored more intensely with hematoxylin and the violet of Flemming's

triple stain. The nucleus of the pycnial sporophore is relatively large

for the size of the sporophore (PI. 58, A). In its resting state the chroma-

tin is scattered throughout the whole nucleus in minute granules, which

are rather difficult to stain clearly. Each nucleus has a definite centro-

some indicated by the local condensation of the chromatin (PI. 58, A, a).

The pycniospore (PI. 58, A, b), which swells to its full size on the tip of

the sporophore, receives one of the daughter nuclei resulting from the

division of the sporophore nucleus (PI. 58, A, d). The exact details of

the process were not definitely followed, on account of the small size of

the pycniospores and the narrow passage from sporophore to spore. The

mature subpyriform pycniospore has the typical structure of correspond-

ing forms in other genera of the rusts. A relatively large nucleus is sur-

rounded by a small amount of cytoplasm (PI. 58, A, b).

NUCLEAR PHENOMENA IN ^CIUM

In the layer of fertile cells and in the mycelium below this layer the

nuclei are somewhat larger (PI. 58, H) and more readily stainable than

those of the deeper vegetative mycelium (Pi. 57, HH). All the nuclei

in this region of the layer and below it exhibit the phenomena of polariza-

tion, although the fact may not be evident unless the profile view can be

seen. The same condition persists in all other nuclei in or near the vari-
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ous sori. Above the fertile layer a series of cells, the sterile cells

(PI. 58, G), arranged in more or less definite vertical rows, are cut off

(Cf. PI. 54, B, sc). Fromme {14) finds that the sterile cells in Melamp-
sora lini (DC.) Tul. arise from the division of the first sterile cells;

Moreau (40) states that in Phragmidium subcoriicium they are formed by
the division of the cells in the fertile layers. In Cronartium ribicola they

seem to arise from the cells of the fertile layer (Pi. 58, F), but there is

some evidence that the sterile cells themselves also divide occasionally.

Each row contains from 6 to 12 cells, whose contents degenerate as the

aeciospores mature. The pressure of the peridium and the lengthening

seciospore chains flatten the whole tissue of sterile cells against the

overlying cortex cells.

CELL FUSION TO FORM BASAL CELLS

Fusion normally occurs between two adjacent cells of the fertile layer,

tvhich may or may not be at the same level (PI. 58, I, J). The walls

between the fusing cells appear to dissolve, leaving one large cell where
there had been two. The basal cell thus formed is the initial cell of

the dikaryon. The nuclei are comparatively large (cf. fig. G and I,

PI. 58). They exhibit the polarization phenomena referred to above,

but their content is less easily stainable than in the vegetative nuclei

below the fertile layer (cf. fig. H and I, PI. 58), for at times the space

between the nucleolus and the membrane seems almost empty (PI, 58,

Y, a). When the nuclei are located in dense cytoplasm toward the

upper end of the basal cell, the lower end may be occupied by one or more
large vacuoles (PI. 58, Q). When fusion of more than two cells occurs,

the nuclei usually are more irregularly placed (PI. 58, K, L). The nuclei

in these compound basal cells and in the multiple fusion cells are similar

to those in the normal binucleate cell.

THE CONJUGATE DIVISION IN THE BASAL CELLS

The division of one of the nuclei of the basal cell will be described, it

being understood that the companion nucleus undergoes the same
changes at the same time ; that is, that the division process is a conjugate

division typical of the rusts. On the nuclear membrane is a body which

stains deeply with hematoxylin—the centrosome (PI. 58, I). From it in

most cases there run strands of chromatin which are more dense than the

other chromatin elements of the nucleus. The nucleus increases in size and

the membrane bulges, except at the points where the chromatin strands

touch it (PI, 58, Y, a). At this stage the membrane becomes very thin

and then disappears, fading first on the side away from the centrosome

(Pi. 58, M, a). Meanwhile the chromatin elements group around or at

one side of the nucleolus. Fine suspensors appear to connect the centro-

some and the condensing chromatin mass. In the left nucleus in PI. 58,

M, a, the centrosome appears to have divided into two. Coincident with
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the disappearance of the nuclear membrane the nucleolus is cast out

(PI. 58, N), after which it migrates off to some distance from the chromatin

mass. A true spindle is then formed at the two ends of which are located

the centrosomes (PI. 58, O, P). The original centrosome was not seen to

divide, but the conformation of the spindle in some early stages suggests

the division of the centrosome to form two, which move apart and

become oriented as the opposite poles of the spindle. The chromatin

now appears in deeply stained sections as a convoluted dark mass at the

middle of the spindle (PI. 58, O). With better differentiation this mass

resolves itself into a jumble of more or less rounded units, the chromo-

somes (PI. 58, P). This stage corresponds to the equatorial plate stage

of the metaphase. The chromosomes are now seen to separate and move
toward the poles (PI. 58, Q-S) ; they seem to flow along the outer surface

of the spindle rather than to be drawn definitely apart by attraction

fibers. Unless very carefully differentiated, the chromatin at this stage

may appear to be a single knotted thread reaching from pole to pole.

The chromosomes, however, do not fuse into one mass, but, as can be

seen in favorable preparations, remain as separate units (PI. 58, R). As

they approach the poles the chromosomes apparently arrange themselves

into two groups (PI. 58, T) for each pole. The division of the centro-

somes before the daughter nuclei are reorganized may explain the locus

of the two groups, as suggested by Olive {41). At this late stage of

anaphase the whole figure may resemble the silhouette dumbbell figures

by earlier investigators of the subject. The two groups at each pole now
become condensed to two deeply staining masses (PI. 58, U). Fibrous

connections between the daughter groups may still remain visible. The
cast-out nucleolus has persisted in the cytoplasm up to this time, slowly

becoming less dense and often decreasing in size, while the process

described above has been taking place, but as the last spindle fibers

disappear and the daughter nuclei begin to become reorganized it fades

away, completely absorbed by the cytoplasm. The companion nucleus

of the dikaryon, having divided simultaneously with the one described,

has by this time given rise to two other daughter nuclei. The four reor-

ganizing nuclei now move apart, two and two, the sister nuclei separating

and moving in opposite directions. A wall now forms (PI. 58, V, a),

separating the upper pair from the lower, forming the seciospore initial

and, below it, a new basal cell (PI. 58, M), potentially equivalent to the

primary basal cell.

STEPS IN FORMATION OF ^CIOSPORE CHAIN

Division of the dikaryon in the seciospore initial follows the same

process as that in the basal cell (PI. 58, W, M, h, X). The wall which

forms between the two pairs of nuclei divides the original initial cell into

two parts, an upper cell which is the seciospore and a lower, which is the

intercalary cell (PI. 58, Y, d, c). Repeated division of ihe basal cell and
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aeciospore initials gives rise to a row of alternating aeciospores and intercalary

cells (PI. 58, Y), as has been stated in the description of aeciospore forma-

tion elsewhere in this paper. The nuclei of the aeciospores soon become
completely reorganized (PI. 59, AA) and typical of the dikaryon in all its

stages, but the nuclei of the intercalary cells slowly degenerate and dis-

appear. A centrosome, the center for the polarization phenomena pre-

viously mentioned, can be differentiated by proper staining on the men-
brane of each nucleus.

NUCLEAR PHENOMENA IN UREDINIUM

The mycelium in leaves of species of Ribes has already been described.

The nuclei at this stage of the dikaryon are only slightly less in diameter

than that of the hyphae, and they are therefore somewhat separated

—

not side by side as in the elements of the ^ciospore chain (Pi. 59, C).

They do approach each other in the larger cells at the base of theuredinium

and undergo conjugate division by a process apparently identical (PI. 59,

E-I) to that described for the basal cell and aecispore initial of the aecium.

The same holds true for the division in the urediniospore initial (PI. 59,

J-M, N, b). The wall formed between the two pairs of daughter nuclei

divides the initial into an upper, larger cell, the young urediniospore, and
a lower, smaller cell, the young stalk cell, which rapidly elongates. The
nuclei in the spore become organized similarly to those of the aeciospore

(PI. 58, AA), while the stalk nuclei slowly degenerate (PI. 59, N). The
second and subsequent conjugate divisions in the basal cell (PI. 59, O) are

similar to the primary division, but the nuclei often are not so definitely

placed side by side, an irregularity probably due to the tendency of the

cytoplasm flowing into the second urediniospore initial to pull one of the

nuclei along with it. As a rule, both in the basal cell of the aecial chain

and in the basal cell of the uredinium at the time of the primary division,

the nuclei, though they may commence to divide when located at different

levels in the cell, become arranged side by side at metaphase. In the

second division of the urediniospore basal cell this orientation may not

take place, so that at telephase one of the daughter nuclei may be well

up in the new urediniospore initial and its companion just passing into it;

but on reorganization after the initial is cut off from the basal cell, the

two nuclei take a position side by side in the typical manner. Their

division and the subsequent cutting off of the stalk cell by a wall give rise

to a second urediniospore. This process may be repeated several times,

for the basal cell seems to retain its powers of division until the sorus

dries up.

NUCLEAR PHENOMENA IN TELIUM

The telia are borne on the same mycelium that gives rise to uredinia.

By an exactly similar process of conjugate division (PI. 59, S-W) a cell

is cut off from the basal cell of one of the telial unit columns; but this
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cell does not divide again, being in itself the young teliospore (PI. 59, X).

The two nuclei appear to become fully reorganized (PI. 59, Y). They

then fuse immediately to produce the single large nucleus of the mature

teliospore, during which process the nuclear membranes are absorbed at the

points of contact, so that the nuclear contents are free to mix (Pi. 59, Z).

The fusing contents round up and become surrounded by the reorganizing

membrane. In Plate 59, Z, the two centrosomes and the two nucleoli are

still visible. The process of the fusion of the latter was not observed.

The fusion nucleus increases in size in a remarkable manner immediately

after the union of the two contributing nuclei ; and the enlargement may
continue until the volume of the fusion nucleus is as much as four times

the combined volumes of the two contributing nuclei. Its diam.eter at

the time of maximum enlargement nearly equals the diameter of the

teliospore. The chromatin at this stage stains very heavily and appears

to be condensed into a heavy irregular spireme-like structure, in which

the individual strands are frequently knotted (PI. 59, AA). Holden and

Harper {21), in discussing the fusion nucleus in the teliospore of Coleo-

sporium sonchi-arvensis Lev. (C solidaginis (Schw.) Thum. ?), present

evidence that the heavy skein breaks up into long pieces, which later split

longitudinally into liner threadlike units. In Cronartium rihicola there

certainly occurs a marked reduction in the thickness of the chromatin

threads, but no process which could be interpreted as actual splitting was

clearly seen. As the chromatin becomes more fmel}^ drawn it contracts

into a more compact tangle, the nucleus shrinking meanwhile (Pi. 59, BB),

and finally splits into granules (Pi. 59, CC). The nucleus at this stage is

nearly spherical; the nucleolus is rather small, and is generally located

near the membrane. The centrosome could not be differentiated in the

fusion nucleus with an)^ stain. So far as could be determined by careful

examination, it does not reappear until the primary division in the

promycelium and in the resting nuclei of the promycelium.

DISCUSSION OF CYTOLOGICAI. PHENOMENA

The nuclear phenomena accompan5dng cell fusion and spore produc-

tion in Cronartium rihicola clearly confirm the views generall}^ held in

regard to rust cytology. Fusion of the gamete cells in pairs in the bark-

inhabitating aecium parallels closely similar phenomena in other types of

secia and analogous sori, while multicellular fusion is perhaps much more

common than in other forms investigated. Fromme {14) has called

attention to triple-cell fusions and the fact that cells below the fertile

layer often contribute to the multinucleate fusion cells of Melampsora

lini. The behavior of the fusion cells in C. rihicola shov/s that cells below

those of the fertile layer are potential gametes. It is quite certain that

the multiple fusions observed are regular occurrences in gecia of all sizes

and shapes, whether on roots or steims. Dittschlag (zi) aind Hoffman
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(20) both figure two seciospore chains rising from a large basal cell in

Puccinia falcaricB and Endophyllum sempervivi, respectively, and there is

some evidence that aeciospore chains often arise in like manner in C.

ribicola. It is hardly possible, however, to compare the multiple fusion

cells to the central placental cells reported by Richards (49). Inasmuch

as the elements of the seciospore chains are generally binucleate, the

number of polynucleate spores being relatively small, it must be con-

cluded that either the extra nuclei so cotamon iii tlie basal cells degen-

erate or the complex basal cell gives off more than one binucleate spore

chain.

The constant similarity in the process of congugate division in the

basal cells of the ascium, uredinium, and telium suggests a definite stabil-

ity of the nuclei of the dikaryon throughout its existence. The presence o f

the centrosome in the resting and dividing nuclei adds confirmation to

the reports of this structure in rust nuclei as given by other writers.

While it is impossible to make a definite statement from actual obser\'a-

tion of the process, it seems perfectly evident that the centrosomes at

each pole may divide, thus forming two loci for the chromatin groups

approaching the poles—cf. Olive's figures 5, a, and 10, Plate 22 (41).

The theory that these two groups of chromatin represent two simple

chromosomes, the interpretation of the phenomenon apparently accepted

by Mme. Moreau, does not appear tenable, unless it is assumed that these

chromosomes are compound and that they break up into their com-

ponents at metaphase and reunite at telophase. The observations of

Holden and Harper (21), Blackman (2), Christman (4), and Olive (41)

and the evidence presented in this paper establish the presence of

more than two chromosomes or chromosome equivalents, possibly eight

being the haploid number. Moreau 's (57) figures indicate that her

preparations were apparently not sufficiently differentiated to show all

the details in the chromatin masses.

The polarization of the nuclei, so evident in nearly all of the resting

stages, recalls the condition illustrated in Olive's figure 8, Plate 22 {41).

The arrangement of the chromatin with a point on the membrane as a

locus for the convergence of the strands is not due to fixation; for it is a

constant phenomenon in nuclei killed and fixed under different condi-

tions and with dift'erent reagents. The centrosome is apparently the

center of attraction. Harper {18) has conclusively demonstrated

similar phenomena in the Erysipheae. He has also called attention

to the fact that the nuclei of these ascomycetes exhibit a definite regu-

larity and stability with reference to the arrangement of the chromatin

strands and the polarization throughout the cytological chamges which

he observed. He believes the chromosomes retain their individuality

to a marked degree in all the nuclear processes. The observations on

the nuclear structure in Cronartium ribicola herein presented suggests that
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perhaps the conditions in the rust nucleus approach more nearly than has

been supposed the conditions in the Ascomycetes and other fungi.

The process of nuclear fusion in the young teliospore is comparable

to the same process in other rusts. It seems reasonable to conclude

that this fusion is the completion of the process, initiated at the time

of cell fusion to form the dikaryon, which takes the place of normal

fertilization, and that the actual fusing is a necessary preliminary to

the mixing of the chromatin elements and the subsequent reduction

division, as suggested by Maire {31) and others. Certainly the changes

which take place in the nucleus after fusion suggest a complicated

mingling and readjustment of the chromatin which would seem to justify

such a view. It is not necessary to regard the fusion as a pseudo fer-

tilization {10). There appears to be little reason for doubting that the

first division in the promycelium is heterotypical {38) , for it is unique and

decidedly dififerent from the second division which immediately follows,

Arnaud (i) has compared the mitotic figures in Capnodium meridionale

with those in Coleosporium senecionis. Wager's figure 84, Plate 19 (63),

of the telophase in the dividing fusion nucleus in the sporangium of

Polyphagus euglenae is very like similar stages in the primary division in

the promyceUum of Cronartium rihicola. It may be noted that the asso-

ciation of the nuclei in P. euglenae and their subsequent fusion in the

sporangium are phenomena comparable to the nuclear conditions in the

rust dikaryon and fusion in the teliospore.

ABNORMALITIES

Before coming to the general discussion and summary it is necessary

to mention briefly certain abnormalities commonly met in the different

types of sori. .^cia sometimes occur with reversed polarity in part

of the sorus, where the spores are produced on aecial chains which grow

toward the center of the tree, usually into a resin duct. This change

in the direction of growth is probably to be explained by the fact that

the developing chains followed the fine of least resistance, in this case

into the adjacent resin duct, instead of against the overlying host cells.

iEcia also often develop on the roots, under several inches of leaves and

loam. Their structure appears to be normal, but their environment

is hardly advantageous. Double pycnial layers (PI. 50, C, a, a J are

not imcommon. In a short note, Posey, Gravatt, and Colley (45) have

reported the finding of uredinia on the stems of Rihes hirtellum Michx.

In the cortex of infected stems of this species internal uredinia (PI.

5T, C) with normal and reversed polarity were formed in abundance.

Internal telia, produced in the pith and cortex of the petioles of Ribes

sp.,^ have been described in a previous paper (<?). In such abnormal

1 Ribes roezli was the name given in the original article, but the species determination was probably

incorrect. As the species has not fruited, accurate determination has been impossible.
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sori, typical column development is sometimes completely inhibited

by the pressure of the surrounding host tissue. All internal sori are to

be regarded as teratological phenomena of no special morphological

significance. Uredinia and telia on the petiole are common; occasion-

ally they develop on the upper surfaces of infected leaves.

GENERAL DISCUSSION

The writer's observations on the mycelium of Cronartium ribicola

in the bark of Pinus strohus confirm the conclusions of Klebahn (25)

in regard to the course of the hyphae of the parasite and add consider-

able new data on the inter relations of the host and parasite cells.

Hartig's paper {ig) on Peridermium pini and Wolff's article {64) on the

same fungus, which appeared shortly after Hartig's and in some places

is almost a direct copy of Hartig, are the only papers which have come

to the writer's attention which describe and illustrate the morphology

and parasitic relations of a bark-inhabiting rust and its pine host.

Hartig believes that the swelling of the bark of the host is due to the fact

that the cortex and phloem cells are forced apart by the abundant

intercellular mycelium of the parasite. This has been shown to be the

case with the hypertrophy produced by C. ribicola in the bark of P.

strobus. Observations on the bark of P. parviflora Sieb. and Zucc.

infected with the same fungus show that the swelling is produced in

the same way as it is in P. strobus. The same statement holds true for

the swelling caused by C. comptoniae Arth. in the bark of P. sylvestris

L., and P. ponderosa Laws. Neither C. ribicola nor C. comptoniae are

gall-forming rusts. Their mycelium is confined almost entirely to the

region of the cortex and phloem cells of their pine hosts, although the

hyphae do enter the wood along the rays, as Tubeuf (38) has reported

for Peridermium pmi, and occasionally work their way in between

tracheids. These hyphae have been traced in the case of C. ribicola

to a depth of three annual rings, counting in from the cambium. In

all probability it will be found that the myceUum may be found in the

ray cells of the annual ring laid down at about the time infection took

place, although it may not remain active after the ray cells die. While

the presence of the hyphae in a given annual ring may not mean that

the pine was infected during the year this annual ring was laid down,

because there must be some growth along the ray cells toward the center

of the tree, it will establish roughly the date of infection. The simi-

larity which evidently exists between the morphology and method of

parasitism of C. ribicola and C. comptoniae suggests that a close agree-

ment will probably be found among all non-gall-fonning caulicolous

Peridermia.

The actual injury to the pine host cells from the irritation caused by

the invading mycelium is apparently very slight. The cells pierced by
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haustoria continue to remain alive and apparently active in spite of

haustoria. As has been pointed out above, these haustoria become

invested with a sheath which may render them very ineffective absorb-

ing organs, in which case they might become simple mechanical irritants

in the cell content, no more detrimental to cell activity than crystals.

The denting of the host nucleus by the tips of the haustoria does not

seem to injure the nucleus except to alter its shape. There is no evi-

dence of increased cell division reported by Reynolds {48) for many
plants as a direct result of a parasite's action, or of nuclear migrations

like those figured by Schiirhoff (52). Storage starch is usually present

in excess, but this phenomenon has been shown by Halsted (77) to be

a general condition in and around areas infected with fungus parasites.

This starch is not completely used up by the fungus, for many grains re-

main in the old dead cells after the cells are completely dried out. The

cells just beneath the pycnial layer and in the region of the young secium

(PI. 52, B) contain normal grains as well as decomposition products.

Excess starch production is probably due to a la,ck of balance in the

physiological processes in the host cells, and the fungus may, of course,

contribute to the unbalancing; but other environmental factors which

are little understood result in excess starch production in trees which

appear to be perfectly normal in other respects.

The wood laid down in the annual rings under infected bark is much
less than in healthy trees, but the tracheids are apparently normal in

everything except number. The presence of the hyphae in the tracheids

has no appreciable influence on their form; neither are the characters

of the ray cells perceptibly changed.

Cronartium ribicola may be the primary cause of the death of a

young tree. HowcA^er, the swelling of the bark is not in itself a seri-

ous hindrance to conduction in the phloem. The actual severe

injury occurs when the aecia form and burst through the outer bark;

for the gecial cracks thus fonned allow the inner bark cells to dry out

and die. This results in the breaking of resin canals and the consequent

exudation of resin in large quantities. The girdling of the tree is due

to these two causes working together—namely, the cracking and drying

of the bark, and the impregnation of the whole cortex and phloem in

the cracked area with resin. Complete stoppage of the conducting

elements of the phloem results. Seedlings and young trees may suc-

cumb to the attack of the fungus almost as soon as the first secia appear;

but wnth older trees death is sometimes delayed for a number of years.

It depends, of course, on how complete a girdle has been effected. The
part played by secondary fungi acting in conjunction with C. ribicola

to make a girdle complete is very important. It will be recognized at

once that the cracking of the bark at the time the aecia are formed is a

source of danger to the trees not only by exposing the inner bark cells

to the air, but also by providing an avenue of entrance for secondary
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parasitic fungi, or saprophytic fungi, and insects, which hasten the

decomposition of the weakened susceptible tissue. These secondary

fungi may also gain entrance through the pycnial spots. Rathay (47)

has shown that the pycnia of many rusts are visited by insects, appar-

ently attracted by the sweet drops. Both pycnia and secia in C. ribicola

may be eaten out by various insects, and unquestionably these insects

bear on their bodies or legs viable spores of fungi capable of growing

in the bark tissue. In many instances these fungi are so rapid in their

growth that they overrun the infected area and completely suppress the

rust, so that it never fonns aecia. In such cases, the bark shrinks and

the infected stem is actually constricted, and the girdle thus formed is

often more quickly effective than in the cases where rust works alone.

In leaves of Ribes spp. the mycelium sometimes causes the death of

isolated infected spots; but in other cases the hyphae penetrate to all

parts of the tissue without causing death of the cells, and without pro-

ducing hypertrophy. The large spaces among the mesophyll cells and

the fact that the hyphae rarely form solid mycelial masses in leaves of

Ribes spp. probably help to explain the lack of hypertrophy and destruc-

tive effect. When defoliation occurs during the course of severe epi-

demics of the rust, there is, of course, a consequent poor crop of berries.

The variation in the effect of the parasite on the different species of

Ribes is a subject which must have separate treatment and therefore

can not be considered fully at this time.

It will probably be found on further investigation that a close agree-

ment exists among caulicolous Peridermia with respect to the structure

of the pycnium. The external appearance of the pycnium, or of the

thin layer of tissue overlying it, will, however, be found to vary according

to the outer bark texture of the host. In the case of Pinus parviflora

the exterior appearance of the pycnium is almost identical with the

pycnium of P. strobus. The value of the pycnial spots as diagnostic

characters has been briefly outlined in an earlier short note (9), and re-

ferred to above in connection with the discussion of the form.ation of the

pycnium and pycniospores. Hartig (19, Taf. 4, fig. 7, b) was one of the

first observers to call attention to the pycnial spots on the bark of P.

strobus, although he at that time thought the fungus on this pine was

identical with Peridermium pini. Wolff (64) copied the same figure in

his paper on the latter fungus. Kirchner and Boltshauser (22) in Plate

15 of their atlas show what are evidently three pycnial spots, but they

do not definitely refer to them in their description of the figures. The
ability to recognize the pycnial spots of Crotiartium ribicola is almost

absolutely essential in the field study of control methods.

The description of the formation of the aecium given above emphasizes

the remarkable agreement which exists in the fundamental processes

involved in the production of seciospores in the rusts. The figures of

Hartig (jp), Wolff {64), and Sappin-Trouffy {31, fig. 63) on the aecium of

88096°—19 3
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Peridermium pint are not complete nor detailed enough to enable one

to compare directly the structure of the acicolous and caulicolous aecia

with the structure of the aecium of Cronartium rihicola. It is evident,

however, that the leaf and stem types are quite similar. Study of the

expansive aecia of C. occidentale Hedge, Bethel, and Hunt may reveal

some interesting morphological variations.

The details given for the formation of the multilayered peridium are

apparently the first published record of the origin of this structure.

Emphasis should perhaps also be placed on the constant and normal

occurrence of multinucleate cells at the base of the aecium, a phenomenon
which has been discussed elsewhere, by suggesting that in deep-seated

aecia of caulicolous Peridermia the seciospore chains may be found to

arise more often from these placenta-like cells than from basal cells

arising as a result of the fusion of only two cells in the fertile layer.

Although recent investigators—for example, Kurssanow (27)^have con-

firmed the results of Christman (4) and other writers with regard to the

origin of the basal cell as a result of the fusion of two adjacent fertile

cells, it yet remains a question whether this method is constant or

whether certain variations in the formation of the basal cells are to be

expected in deep-seated aecia.

Ludwig and Rees {28) in a recent article report some details of the

structure of the uredinium of Pucciniastrum agrimoniae (Schw.) Tranz.

Their figure would serve very well for a figure of the young uredinium of

Cronartium rihicola (cf. PI. 55, B). In the description of the uredinium of

the latter it has been shown that the peridium is formed by the coales-

cence of cells which are cut off from certain cells that are analagous to

the basal cells of the sorus. These cells also cut off urediniospore initials

which then divide into urediniospores and stalk cells. In the young

sorus these four cells—that is, the basal cell, the stalk cell, the uredinio-

spore, and the peridial cell—form v/hat looks like a chain of cells. As the

spores and their stalks mature, the row arrangement is lost in the middle

of the sorus, but persists at the circumference. This fact places the con-

clusion of Ludwig and Rees that the urediniospores of P. agrimonice are

borne in chains, under suspicion. Personal investigation by the writer

into the structure of the uredinium in this species of Pucciniastrum shows

that the method of formation of the urediniospores in P. agrimonice and

in C. rihicola is practically identical, and that therefore the spores in the

uredinium of the former are not borne in chains but on stalks. In the

case of P. agrimoniae the stalks are sometimes quite short and the basal

cells from which they arise are much less conspicuous than they are in C.

rihicola, but these differences are not important as far as the method of

spore formation is concerned. The encircling bank of parenchyma-like

cells surrounding the uredinium in C. rihicola is not found in P. agri-

moniae. It is difficult to interpret Magnus's {30) figures of the uredinia

of the Pucciniastrum group as to the exact morphology of the cells from
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which the urediniospores arise, but his description of the maimer in which

the urediniospores in Pucciniastrum are borne is correct. Fischer's {13)

figure of the uredinial peridium of C. ascelpiadeum (Willd.) Fr. evidently

represents the same type of peridium as is present in the uredinium of C.

rihicola. The peridial cells surrounding the break in the top of the peri-

dium in the latter fungus are thickened irregularly, but they do not often

appear as conspicuous as the large cells figured by Fischer {13) in the case

of the uredinial peridium in species of Pucciniastrum or by Ludwig and

Rees {28) for P. agrinwniae.

In the discussion of the telium it has been shown that it originates in a

way which makes it impossible to tell the young telium from the young

uredinium. Under these circumstances it is most natural that a peridium

should be found over the telium, as in the case of the young uredinium.

The same holds true for the parenchyma-like bank of cells which encircle

the base of the column. Both the peridium and the bank of encircling

cells come into being before the sorus becomes differentiated into either

uredinium or telium. With these facts clearly in view it may be reasona-

bly safe to predict that a telial peridium, a structure which has apparently

not been reported previously, wall be found to be present in other species

of the genus Cronartium. The manner of the germination of the telio-

spores, previously discussed, adds to our knowledge of the morphology

and behavior of the spores in the telial column, at the same time confirm-

ing the observations of Tulasne {61) and Sappin-Trouffy (51) on other

species.

This paper is offered as a contribution to our knowledge of the para-

sitism, morphology, and cytology of the rusts, and especially of the genus

Cronartium. It is hoped that the data presented may prove valuable in

stimulating further research on the interrelations of rust parasites and

their hosts, which will, of course, involve more accurate study of the anat-

omy of the hosts and the modifications in the normal structure of the

host tissues under the action of the parasites. The need for a compara-

tive paper on the haustoria of the rusts scarcely requires emphasis.

It will be interesting to compare the results of investigations on the cytol-

ogy of other deep seated caulicolous aecia with those herein presented,

especially with reference to the process of the formation of basal cells,

the phenomena of polarization of the nuclei, and the centrosomes and

chromosomes.
SUMMARY

(i) In the foregoing paper hitherto unpublished data on the mor-

phology and cytology of Cronartium rihicola Fischer and the inter-

relations of the parasite and its hosts, Pinus strohus and Ribes spp., are

presented and fully illustrated.

(2) The mycelium is more abundant in the Pinus strohus than in

species .of Ribes. In the former the hypse force the cortex and phloem
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cells apart and thus cause the swelling of the infected bark; in the latter

there is rarely an y marked aggregation of the hyphae, except in the case

of petiolar infection.

(3) Haustoria may penetrate practically every cell in the infected

area in Pinus strobus. These haustoria are characteristic for Cronartium

rihicola and their presence in the bark cells of the pine definitely deter-

mines the identity of the parasite. A sheath develops around each

haustorium as it reaches maturity or old age. This sheath is apparently

unlike any other sheath so far described in cormection with the haustoria

of the rusts.

(4) Haustoria are proportionafely much less frequent in Rihes spp.

than in Pinus strobus and much smaller in size. They are not enveloped

in sheaths as in the latter.

(5) The morphology of the different sori is shown to be similar to

the morphology in other full-cycle rusts.

(6) The structure of the spreading pycnial layer characteristic of

caVilicolous Peridermi'a is considered in detail.

(7) The development of the deep-seated aecium and the formation of

its multilayered peridium is described.

(8) The formation of urediniospores is shown to follow the general

plan in other uredinia where the spores are borne on stalks. The devel-

opment of the uredinial peridium and the bank of parench5mia-like cells

which surround the uredinium are described and figured for the first

time.

(9) The telial column is shown to arise either from an old uredinium

or as a separate entity and to be indistinguishable from a young ure-

dinium in its very early stages. It is surrounded at the base with a

bank of parenchyma-like cells and is provided with a peridium similar

to the peridium of the uredinium. All of the spores of the telial column

may germinate in situ. The production of spoddia is described in

detail.

(10) The destructive effect on the pine host as a result of the attack of

Cronartium ribicola varies. In young trees death may result quickly.

In older trees it is of the nature of a primary injury, which prepares the

way for the drying out of the infected bark and the entrance of secondary

fungi and insects which complete the destruction initiated by the para-

site.

(11) The effect on Ribes varies with the species attacked. It may
result in early defoliation and a consequent poor crop, but in general

it is not serious on this host.

(12) The cytological phenomena presented herein establish the

similarity of the nuclear processes in the ge|nus Cronartium and other

full-cycle rusts.

(13) The resting nuclei in all cases, with the exception of the mature

fusion nucleus in the teliospore, have a deeply staining spot on the
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membrane called the centrosome. This body is apparently the center

for the more or less definite convergence and concentration of the chroma-

tin strands referred to as polarization.

(14) The presence of large, irregular, multinucleate cells at the base

of the secium is a regular phenomenon and not to be regarded as an

abnormal condition. Probably more than one aeciospore chain may
arise from such cells.

(15) There is a remarkable constancy in the process of conjugate

division and stability in the nuclear structure throughout the dikaryon.

In the dividing nuclei the centrosomes are visible as deeply staining dots

at the poles of the spindle. The number of chromosomes is certainly

more than two. Possibly eight is the haploid number.
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PLATE 48

Cronartium ribicola on Pinus strobus:

A.—This figure illustrates the etiolated condition of the bark in the case of a com-

paratively young nodal infection. The node lies between 4- and 5-year-old wood.

The infection originated on the opposite side of the stem to that shown in the photo-

graph. Note the irregular margin of the etiolated area. The mycelium, starting in

opposite directions from the infection point, has now completely encircled the stem.

The jimction point of the encircling hyphse is along the line ab. Natural size.

B.—This figure illustrates an intemodal infection, somewhat older than that shown

in figure A, in which the infection apparently originated at the base of the leaf fas-

cicle (a). The darker patches on the pronounced canker area are pycnial spots,

^cia are formed under the bark all over the canker and are beginning to break out

toward the upper etfd. Note the characteristic shape of the young canker. Natural

size.

(660)
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PLATE 49

Cronartium ribicola:

A.—The edge of a pycnium in section. Note the position of the pycniunt' with

reference to the overlying periderm and underlying cells of the outer cortex. X 250,

B.—Part of the same section showing the general relation of the elements which go

to make up the sorus and their relation to the host cells beneath, a, Contributing

hyphse; 6, pseudoparenchyma layer; c, sporophores. Compare PI. 58, A. X 1,050.

C.—Tangential section in the xylem, showing the cut end of a ray and the manner
in which a haustorium (a) may rise from the hyphse in the ray and enter the lumen of

the tracheid. X 525.



PLATE 50

Cronartium ribicola:

A.—A figure illustrating the relation of the pycnium (a), the heavy black line at

the top, and yottng aecium, to the host tissue. The heavily stained cells (6) in the

region of the young aecium are the fertile cells. Compare Plate 54, B. X 125.

B.—A section through a mature aecium, taken a little to one side of the break in

the bark, to show the aeciospore chains (a), the multilayered peridium (6), and the

overlying host tissue. X 75.

C.—A similar section showing a double pycnial layer (a, Oi), and the location of the

cork cambium (6) which cuts out the old pycnium. X 40.
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PLATE 51

Cronartium ribicola:

A.—A median section through a young uredinium forming in the space beneath a

stoma, a, Peridial cells; b, young urediniospores. The photomicrograph illustrates

a stage in the development of the uredinium midway between the stages shown in

Plate 51, B, and 55, B. X 650.

B.—A section through the same uredinium as that shown in Plate 55, C, taken to

one side of the break in the peridium, toward the edge of the sorus. a, Peridial

cells; b, a yoimg urediniospore ; c, A stalk cell. X 525.

C.—An internal tu-edinium from the cortex of Ribes hirtellum. X 315.



PLATE 52

Cronartiuni ribicola:

A.—^A section of a yotmg telial column. Note the overlying peridial cells (a) and

the row arrangement of the developing teliospores. The epidermal cells have been

torn off. X 355-

B.—A later stage in the development of the telial column. Note the shape of the

tip cells and the character of the parenchyma-like cells (a) surrotmding the base of

the young column (of. PI. 55, C). The cells near the base of the column are binu-

cleate, while those at the tip are uninucleate. X 355.

C.—A longitudinal section of a mature column. X 250.

D.—Higher power view of the same section, showing the arrangement of the indi-

vidual spores, and the size of the nuclei. X 1,050.

E.—A cross section of a small mattne column. X 525.
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PLATE 53

Cronariium ribicola:

A drawing to show the intimate relation of the mycelium of the parasite to the

host cells. /)/>, Phloem parenchyma; jc, sieve cells; c, cambium cells; f, tracheids;

rdp, resin-duct parenchyma. The number of haustoria represented as entering the

cells in this drawing is not abnormally large. The drawing was made from two serial

sections from the same area by means of a projection apparatus and a camera lucida

and has been diagrammatized only so far as was necessary to bring some of the elements

to a proper level for drawing. In a few cases nuclei, which were not present in the

sections, were supplied for both host and parasite cells. Note the different shapes

and sizes of the haustoria and the general character of the hyphse lying between the

cells. X 500.



PLATE 54

Cronartiiim ribicola:

A.—A drawing of an infected 12-year-old main stem. The infection entered the

main stem along the small branch, the stub of which is shown at the right of the figure.

a, The advancing edge of the infection; b, the pycnial area. The black dots are the

pycnial spots; c, the aecial area on which the bark is cracked and broken. In another

season the aecial area would spread over the pycnial area {b), and the pycnial area

would be advanced as far as the botmdary (a) tmder normal conditions. The boundary

(a) would be proportionately advanced also. The specimen from which the drawing

was made was collected in August, 1917. X >2-

B.—Drawing of a section through part of a young secium showing the relation of the

fertile cells with their denser protoplasmic contents to the overlying sterile cells, in

which the cytoplasm and nuclei have begtm to go to pieces. The manner in which

the adjacent host cells are forced apart by the fxmgus cells is also shown, dc, decom-

position products in the host cells; he, host cell wall; sc, sterile cells; /c, fertile cells;

h, haustorium. The elliptical bodies in the host cells represent starch grains. X 400.
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PLATE 55

Cronartium ribicola:

A.

—

A drawing of a median section through a very young uredinium. Note that

the fungus cells are closely compacted against the underside of the host epidermal

cells, and that the binucleate cells adjacent to the epidermal cells are oriented with

their long axis more or less perpendicular to the epidermis. The section from which
the drawing was made was cut just to one side of a stoma. See text for further expla-

nation. X 500.

B.—A drawing of a median section through a yoimg uredinium, somewhat older

than that illustrated in figure A. a, A peridial cell ; b, a young urediniospore ; c, a cell

which is homologous to the stalk cell of an older sorus; d, a basal cell. See text for

further explanation. X 500.

C.—A drawing of a median section through a small mature uredinium. a, A binu-

cleate basal cell; b, a tetranucleate basal cell just before the urediniospore initial is

cut off; c, a secondary lu-ediniospore initial which has just been cut off from the basal

cell ; d, the iu"ediniospore initial has divided into a urediniospore and a stalk cell ; e,

a matiu^e urediniospore which is still connected with the basal cell by a collapsed stalk

cell
; /, crushed epidermal cells of the host; g, the bank of parenchyma-like cells which

encircle the sorus. The cells of this group, which lie next to the epidermis, are homo-

logous to the thickened peridial cells which overlie the greater part of the uredinium.

Note the comparatively small opening in the peridium. The drawing has been slightly

diagrammatized for the sake of completeness by combining some of the features from

two sections. Compare Plate 51, B. X 500.

88096°—19 4



PLATE 56

Cronartium ribicola:

A.—A drawing of the cell relations near the edge of an secimn to illustrate the forma-

tion of the multilayered secial peridium. a, A young aeciospore ; i, an intercalary cell

;

b, the basal cell of the chain; p, the potential fficiospores which are being modified into

peridial cells. Note the wall markings and the long degenerating intercalary cells.

X 400.

B.—A drawing of a section through a mature peridium, taken from the same series

as the photomicrograph in Plate 50, B. X 400.

C.—A drawing of a short mature telial column in which the teliospores (a) have ger-

minated, producing promycelia and sporidia (6). See Plate 57 for details of the pro-

cess. X170. Drawn by Miss Minnie W. Taylor.
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PLATE 57

Cronartium ribicola:

A.—A mature teliospore from the tip of a column. X 850.

B.—A mature teliospore from the side of a coliunn. X 850.

C.—A mature teliospore from the side of a column. X 850.

D.—Five germinating teliosporesfrom a longitudinal section of a column. The
nucleus in the promycelium from the upper teliospore is in the telophase of the primary

division. X 850.

E.—A germinating teliospore. The nucleus is about to pass through the germ pore

into the promycelium. X 850.

F.—Early prophase of the primary division in. the promycelium. X 1,700.

G.—Late prophase of the primary division in the promycelium. The chromatin is

in the form of complex tangle. X 1,700.

H.—Early anaphase of the primary division in the promycelium. Eleven chromo-

somes are visible. X 1,700.

I.—Later anaphase than that shown in figure H. Sixteen chromosomes visible.

X 1,700.

J, K.—Two anaphase stages of the primary division. The chromosomes are well

advanced toward the poles. X 1,700.

L.—Late anaphase of the primary division. The chromosomes are condensing into

deeply staining clumps, but the individuals are still discernible in some cases.

X 1,700.

M.—End ot the anaphase of the primary division. The fibres connecting the two

chromatin groups are drawn to a thin fading strand. Note the radiations in the cyto-

plams in this and the preceding figure. X 1,700.

N.—The 2-celled promycelium. X850.
O.—Metaphase of the second division. X 1,700.

P.—Telophase of the second division. Peculiar cytoplasmic radiations run from

the reorganizing nuclei. X 1,700.

Q.—^The reorganizing nuclei after the second division. X 1,700.

R.—The completed promycelium. Each nucleus shows a small nucleolus and a

definite centrosome. X 850.

S.—Stuface view of a germinating promycelium. X 850.

T.—The tip cell of a germinating promycelium. The nucleus exhibits definite

polarization. X 1,700.

U.—A little later stage than the last. The nucleus is passing into the sterigma on

its way to the sporidium. X 850.

V.—Siu^'ace view of a tip cell of a promycelium bearing a sterigma and a nearly

mature sporidium. X 850.

W.—A mature sporidium. The papilla marks the point of attachment of the

sterigma. X 850.

X, Y, Z.—Steps in the germination of the sporidia. X 850.

AA.—Sectional view of a mature sporidium. The nucleus shows polarization.

X 1,700.

BB.—Sectional view of a germinating sporidium. The nucleus appears to be
moving toward the germ tube and preparing to divide. X 1,700.

CC, DD.—Two stages in the formation of secondary sporidia. X 850.

EE.—Midanaphase of the division of the sporidium nucleus. X 1,700.

FF.—Late anaphase of the same. X 1,700.

GG.—Sectional view of a binucleate sporidium. X 1,700.

HH.—Two cells from the vegetative mycelium in the pine. X 1,700.

IL—A definitely polarized nucleus from the vegetative mycelium in the pine,

located just beneath the fertile layer of the young aecium. X 1,700.



PLATE 58

Cronaritium ribkola:

A.—The elements of the pycnium. The cells at the base are almost empty. Above

them are the short branching trunks which bear the sporophores. a, A sporophore;

b, pycniospores in sectional view; c, the cytoplasm is constricted just beneath the

spore; d, the nucleus is dividing. X 1,700.

B.—An active thin-walled haustorium from a pine host cell. X 1,700.

C, D, E.—Old haustoria. C and D have basal cuplike sheaths and tip sheaths.

E is completely inclosed in a thick sheath. X 850.

F.—Telophase of division of one of the cells of the fertile layer to form a sterile

cell. X 1,700.

G.—A newly formed sterile cell. X 1,700.

H.—A large polarized nucleus from the fertile layer. X 1,700.

I.—An aecial basal cell resulting from the fusion of two adjacent cells of the fertile

layer. Compare the size of the nuclei with that of the nucleus shown in PI. 57, II.

X 1,700-

J.—A diagram of a basal cell resulting from the fusion of two cells from different

levels. X 85c.

K.—A diagram of a trinculeate irregular basal cell from the tip of which a tri.

nucleate aeciospore initial has been cut off. X 850.

L.—A diagram of part of an irregular compound fusion cell. X 850.

M.—A basal cell with the nuclei in early prophase. The centrosome in the left

nucleus has apparently divided, b. An aeciospore initial cell with the nuclei in

midanaphase. X 1,700.

N.—Part of a basal cell. The nuclei in prophase. X 1,700.

O.—A later stage than the preceding. The spindle and centrosomes are just visible

in the upper nucleus. X 1,700

P.—Metaphase of the division in the basal cell. A centrosome is evident at each

of the poles of the spindles. The chromatin is condensed into chromosomes. The

nucleoli have moved off and begun to fade. X 1,700.

Q.—
^
Early anaphase, a little later than the stage in figure P. X 850.

R.—Midanaphase of the division. The chromosomes are moving toward the poles

along the outside of the spindle. X 1,700.

S.—A later stage of anaphase than in figure R. X 1700.

T.—Final anaphase. The chromatin is condensing in two groups at each pole. X
1,700.

U.—Telophase. The two groups for each pole are still distinct. X 1,700.

V.—Telophase. The two groups at each pole have condensed to single masses.

The wall which will separate the aeciospore initial from the basal is beginning to

form at a. X 1,700.

W.—'Prophase of the division in the aeciospore initial. X 1,700.

X.—Final telophase of the same. X 1,700.

Y.—^An aeciospore chain in section view, a, The basal cell; b, an aeciospore initial,

c, an intercalary cell; d, a young aeciospore. The nuclei in the upper intercalary cells

are degenerating. X 850.

Z.—A large mature aeciospore in surface view. X 850.

AA.—A nucleus from a mature aeciospore. X 1,700.
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PLATE 59

Cronartium rihicola:

A.—Germinating aeciospores. X 425.

B.—Sectional view of the seciospore wall showing the manner in which the germ

tube is constricted. X 850.

C.—A binucleate cell from the mycelium in a leaf of Ribes sp. The nuclei are

polarized as in the uninucleate mycelium. X 1,700.

D.—A binucleate haustorium from a host cell of Ribes sp. X 1,700.

E.—A uredinial basal cell. The nuclei are in prophase. X 1,700.

F.—Metaphase of the primary division in the basal cell. The chromosomes are

visible as distinct units. X 1,700.

G.—Early anaphase of the same division. X 1,700.

H.—A later stage of the anaphase. X 1,700.

I.—Final anaphase. The two groups at each pole are not clearly distinct in this

figure. X 1,700.

J.—A binucleate urediniospore initial. The nuclei are polarized. X 1,700.

K.—Metaphase or early anaphase of the division in the initial. X 1,700.

L.—Late anaphase in the initial. The chromatin is condensing in two groups at

each pole. The second nucleus in the basal cell has been cut away. X 1,700.

M.—Late anaphase group from the initial, for comparison with figure L. X 1,700.

N.—A basal cell bearing a stalk cell surmounted by a nearly mature urediniospore

(a), and a secondary urediniospore initial {b). The nuclei in the latter are in pro-

phase. X 850.

O. Metaphase of the secondary division in the basal cell, preparatory to the forma-

tion of a secondary urediniospore initial. X 1,700.

P. A mature urediniospore. X 850.

Q. A germinating urediniospore in sectional view. X 850.

R.—A germinating urediniospore. X 425.

S.—A telial basal cell. Both nuclei show centrosomes and polarization phenomena.

X 1,700.

T.—Metaphase of the division in the telial basal cell. X 1,700.

U.—Late anaphase of the same. X 1,700.

V.—Final anaphase of the same. X 1,700.

W.—Telophase of the same. X 1,700.

X.—A diagram of a telial unit column. Two young binucleate teliospores sur-

mount the basal cell. X 850.

Y.—The two nuclei of the young teliospore just previous to fusion. Note the cen-

trosomes. X 1,700.

Z. The two nuclei in the process of fusion. Two nucleoli and two centrosomes are

still visible. X 1,700.

AA.—The large fusion nucleus. The chromatin is in heavy strands. X 1.700.

BB.—The fusion nucleus, slightly decreased in size. The chromatin strands are

finer than in the preceding stage. X 1,700.

CC.—The mature fusion nucleus. The chromatin is in the form of granules. X
1,700.





FURTHER DATA ON THE SUSCEPTIBILITY OF RUTA-
CEOUS PLANTS TO CITRUS-CANKERS

By H. Atherton Lee

Assistant Pathologist, Fruit-Disease Investigations, Bureau of Plant Industry, United

States Department of Agriculture

INTRODUCTION

In the present paper results are given of field observations and inocu-

lations with Pseudomonas citri upon plants belonging to genera more

or less related to Citrus. These results show a wide range of hosts for

Citrus-canker, and the possibility of lesions upon plants other than

Citrus spp. serving as sources of new infection becomes emphasized in

Citrus-canker eradication work.

In the present investigation the findings of Jehle ^ as to the suscep-

tibility of Chalcas (Murraya) exotica Millsp., were corroborated and 23

other species representing 20 genera of the Rutaceae were studied.

It seems inadvisable to present the inoculation data here, since over

2,000 innoculations were made. Table I presents the data in a very much
condensed form, and the illustrations show a few of the positive results.

To anyone interested the complete inoculation data are available at

the Bureau of Plant Industry, Washington, D. C. The inoculations and

the controls were dried as herbarium specimens and will also be available

for examination.

In making the inoculations an infusion of the organism was painted

upon the leaf blade, midrib, petiole, or stem, as the case might be, with

a small camel's-hair brush, and then the tissue was punctured through

the coating of infusion with a needle. The inoculated twig was main-

tained in a moist condition by wrapping it in paraffin paper, including

1 The investigations here outlined have been carried on largely at the Lamao Experiment Station of the

Division of Plant Industry of the Philippine Bureau of Agriculture. Thanks are due to Mr. A. M. Burton,

former Chief , and to Mr. S. Apostol, present Chief of this Division, as well as to Mr. F. G. Galang, Superin-

tendent of the Lamao station. The Citrus coDection of the College of Agriculture at Los Banos was also

placed at the use of the writer through the courtesy of Dr. C. F. Baker, Dean of the College.

Many of the plants studied, belonging to genera closely related to Citrus are growing in the experimental

plots of Mr. W. T. Swingle, Physiologist in Charge of Crop Physiology and Breeding Investigations, Bureau

of Plant Industry, United States Department of Agriculture, for use in the breeding of canker-resistant

Citrus fruits and canker-resistant stocks. Permission to use this material has greatly facilitated the work.

Thanks are also due to Mr. Swingle for many helpful suggestions. Many plants related to Citrus grow wild

in the Philippine Islands. Prof. E. D. Merrill, Botanist of the Bureau of Science, made helpful suggestions

as to such plants and identified many of them. His help has been of the greatest value, and is hereby

gratefully acknowledged.

It would have been difficult, if not impossible, to carry on this work without the extensive laboratory

facilities of the Bureau of Science so freely made available through the courtesy of Dr. A. J. Cox, Director.

2 Jehle, R. A. susceptibility op non-oTrus plants to bacterium citri. In Phytopathology, v.

7, no. s, P- 339-344. 3 fJK- i9»7.
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with the twig also a small piece of moistened cotton. Control needle

punctures with tap water were made for each host plant, and the moist
condition was also maintained with paraffin paper and moist cotton.

Unless otherwise noted, the positive results observed here occurred only

at needle punctures.

Table I.

—

Summary of results of inoculations on plants of Rutaceae

No.
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Table I.

—

Summary of results of inoculations on plants of Rutaceae—Continued

No.
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of this species were found by Prof. G. W. Groff and the writer near the

summits of mountains in Kwangtung Province at an altitude of about

1,500 feet. These mountains are heavily eroded and peculiar in having

their sides barren and almost entirely free from growth. Plants of F.

hindsii at the tops of these mountains were therefore very much isolated

from commercial Citrus plantings and other sources of canker infection

;

nevertheless, in almost all cases the species was heavily infected with

Citrus-canker. The writer later found plants of the same species upon

Victoria Peak, Hongkong, a mountain of very similar type. It is pos-

sible that further facts may show that this plant is an original wild

host from which Citrus-canker has spread to cultivated species.

Chaetospermum glutinosa occurs both naturally and cultivated at

Lamao, and naturally occurring cankers are abundant upon such plants.

The susceptibility of C. glutinosa to canker is easily greater than that of

the sweet orange (Citrus sinensis) in the Philippines.

Glycosmis pentaphylla occurs naturally in Kwangtung Province, China,

in places where infection from Citrus-canker would be easily possible.

No naturally occurring cankers were observed.

Of the positive results obtained in the foregoing tabulated species,

Pseudomonas citri has been reisolated from Claucena lansium, Feronia

limonia, Feroniella lucida, Chaetospermum glutinosa, Hesperethusa crenu-

lata, Paramignya longipedunculata, Citropsis schweinfurthii, A talantia cit-

rioides, Fortunella hindsii, Microcitrus australasica, M. australis, Toddalia

asiatica, and Evodia ridleyei. Such isolations have been reinoculated on

foliage of Citrus grandis, and have given positive results in each case.

In those positive results not listed as having the organism reisolated the

material was collected and dried in the field, where laboratory facilities

were not available.

The statements made above as to immunity, since they are based on

lack of infection after inoculation with a dense infusion of the causal

organism under the most favorable conditions for infection, are probably

more substantial than claims made for absence of infection under natural

conditions.

The most noteworthy feature of the inoculations is the susceptibility

of such very distant relatives as Evodia ridleyei, E. latijolia, and Meli-

cope triphylla. In these cases the cankers are by no means weakly pro-

duced, but form quickly, with a decided swelling of the tissue, which later

erupts as on species of Citrus. On E. ridleyei the results were evident in

two weeks. Pseudomonas citri, therefore, is not closely limited to Citrus

spp., but has a very wide range of host plants within the family Rutaceae.

Severinia huxifolia, Aegle marmelos, and Balsamocitrus gabonensis

produce no reaction whatever when inoculated with Pseudomonas citri.

It is believed that these species may be safely called immune to Citrus-

canker; this is especially noteworthy, since they are all close relatives of

the genus Citrus.
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The evidence is that Xanthoxylum rhetsa and Triphasia trifoha are

immune, while Chalcas (Murraya) exotica, Atalantia disticha, and Fort-

unella {Citrus) japonica show positive results only under the most fav-

orable circumstances for infection.

It is noteworthy that some of the immune and highly resistant species

possess thick, coriaceous brittle leaves—for example, Severinia buxifolia,

A talantia disticha, Fortunella japonica, and Chalcas exotica. This suggests

the possibility that resistance to Citrus-canker may be influenced in some
measure by histological or morphological differences.

SUMMARY

(i) Inoculation tests with Pseudontinas citri upon 24 species repre-

senting 20 genera of the family Rutaceae show that 19 of the species are

susceptible in greater or less degree. It thus appears that Citrus-canker

is not closely limited to the genus Citrus, but has a wide range of hosts

among the Rutaceae.

(2) Severinia buxifolia, Aegle marmelos, and Balsamocitrus gabonensis,

all close relatives of Citrus, may safely be called immune to Citrus-canker.

Xanthoxylu-m rhetsa and Triphasia trifolia seem to be immune.

(3) Chalcas {Murraya) exotica, Atalantia disticha, and Fortunella

{Citrus) japonica, also closely related to the genus Citrus, are strongly

resistant to Citrus-canker.

(4) Claucena lansium, Feronia limonia, Feroniella lu^ida, ChcLetos-

permum glutinosa, Hesperethusa cremdata, Paramignya longipedunculata,

Citropsis schwemfurthii, A tlantia citrioides, Eremocitrus glauca, Fortunella

hindsii, Microcitrus australis, M. australasica, Toddalia asiatica, Evodia

ridleyei, E. latifolia, and Melicope triphylla, of different relationships to

the genus Citrus, all produce positive results when inoculated with

Pseudomonas citri, at needle punctures. Of these Claucena lansium and
Feronia limonia develop infection very slowly, the others fairly quickly.

(5) Chaetospermuni glutinosa shows naturally occurring infections of

Citrus-canker and in the Philippines its susceptibility is easily greater

than that of the sweet orange {Citrus sinensis). Fortunella hindsii o/s-

curs naturally in South China, very much isolated from sources of Citrus-

canker infection. The abundance of cankers found on such trees gives

rise to the theory that this species may have been an original \vild host

from which Citrus-canker spread to cultivated species.



PLATE 60

Naturally occurring Citrus-canker lesions on leaves of Chaetospermum glutinosa.

Natural size.

(666)
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PLATE 6i

A.

—

Hesperethusa crenulata, showing discolorations resulting from inoculations with
Pseudomonas citri. Natural size.

B.

—

Paramignya longipedunculata, showing discolorations around punctures made
with P. citri on leaves. Such discolorations did not develop at punctures made with
river water. Natural size.



PLATE 62

A.

—

Atalantia citrioides, showing positive results following inoculation with Pseu-

domonas citri. Natural size,

B.

—

Fortunella hindsii, showing results of inoculation with rain water on leaves.

Natural size.

C—Fortunella hindsii, showing results of inoculation with P. citri on leaves. Natu-

ral size.
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PLATE 63

Evodia ridleyei:

A.—Stem inoculated with tap water.

B, C.—Two twigs inoculated with Pseudomonas citri. Natural size.
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Ambrosia— Page

artemisiaefolia, catalase and oxidase content

of seeds 138

trifida, catalaseand oxidase content of seeds 138

Amids, acid, in normal and blighted spin-

ach 385-404

Amino

—

acids in nonnal and blighted spinach. . . . 3SS-404

nitrogen in

—

alfalfa silage 581-590

hardened and nonhardened cabbage 97

silage extract 125-132

Ammonia

—

effect of carbon disulphid and toluol on

accumulation in soil 603-614

in alfalfa silage 586-590

in hardened and nonhardened cabbage. ... 97

Ammonia nitrogen in healthy and blighted

spinach 398-404

Ammonium

—

carbonate, used in experiments with plow-

sole 508

hydrate, used in experiments with plow-

sole 508

Amygdalus persica, nature of dormancy of

seeds 13S

Andropogon halepensis sudanensis, catalase

and oxidase content of seeds 137-174

Angular-Leafspot of Cucumber: Dissemina-

tion, Overwintering, and Control (paper). 201-220

Angular-leafspot of cucumber

—

dissemination by

—

drainage water 211

insects 212-213

pickers 211-212

rain and wind 208-210

effect of

—

desiccation 203-204

germicides 205

fruit infection 208

host plants 205-206

stomatal infection 206-208

thermal death point 204-205

overwintering in

—

insects 214

seeds 214

soil 213

remedial measures

—

resistant varieties 217

sanitation 217

seed treatment 218

spraying 217-218

Ant. See Pheidole megacephala.

Armsby, Henry Prentiss, and Fries, J. Au-

gust (paper): Net Energy Values of Alfalfa

Hay and of Starch 269-286

Amy, A. C, and Hayes, H. K. (paper): Ex-

periments in Field Technic in Plot Tests . 251-262

Artschwager, Ernst F. (paper): Histological

Studies on Potato Leafroll 559-570

Ash-
digestibility in alfalfa hay and starch 271, 282

in normal and blighted spinach 371-375

in dry matter of feeding stuffs 270

Asparagin, used in determining water-solu-

ble nitrogen in spinach 397-404

A spcrgillus— Page

niger, fttngus isolated from Ipomoea batatas . 364

sp., not cause of damping-off in conifers 549

Ailantia—
cirtrioides, susceptibility to Pseudomonas

cilri 662-665

dislicha, susceptibility to Pseudomonas

citri 662-665

Aucuba japonica, production of injected areas

due to freezing 86

Austrian pine. See Pinus austriaca.

Avena saliva—
reported bridging host for transfer cf timo-

thy rust 222

used in bridging-host experiments 226-249

Azotobacter, effect of carbon disulphid and

toluol on 601-614

Bacteria, nitrogen-fixing, effect of carbon

disulphid and toluol 601-614

Bacteriological Studies on Alfalfa Silage

(paper) 571-592

Bacterium, lachrymans, causal organism of

angular-leafspot of cucumber 201-220

Bactrocera cucurbitae—
host of Opiusflctcheri 456-457

host of Tetrastichus giffardianus 454-458

Balsam-apple. See Momordica balsamina.

Balsamocitrus gabonensis, immunity to Pseu-

domonas citri 662-665

Balsam-pear. See Momordica charantia.

Barberry. See Berbens spp.

Barium

—

chlorid, used in determining nitrogen in

spinach 400-404

hydroxid, used in determining nitrogen in

spinach 399-404

phosphotungstate, used in determining

nitrogen in spinach 399-404

Barley. See Hordeum spp.

Basic nitrogen in healthy and blighted spin-

ach 399-404

Basswood. See Tilia americana.

Beach, B. A, and Halpin, J. G. (paper): Ob-

servations on an Outbreak of Favus 415-418

Beef cattle, crosses with dairy breeds 1-57

Beetle, June green. See Coiinus nitida.

Begonia, production of injected areas due to

freezing 86

Berberis spp., reported bridging host for

Puccina poculiformis 22 J

Bermuda grass. See Capriola dactylon.

Bestill. See Thevetia neriifolia.

Beta vulgaris, effect of farm manure on 494-503

Biologic forms of Puccinia graminis, plasticity

of 221-249

Biology of fruit-fly parasites in Hawaii 419-466

Black, Otis F., et al. (paper): Physiological

Studies of Normal and Blighted Spinach . 369-408

Blackrot

—

Java, of Ipomoea batatas 347-349

of Ipomoea batatas—
description 344-346

susceptible varieties 346

Blacktop, type of damping-off 525-538

Black-walnut worm. See Daianaintegerrim^.

Bluegrass. See Poa pratensis.
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Page

Bordeaux mixture, used against Bacterium

lachrytnans 217-218

Botryorhiza hippocrateae, difference from Cro-

nartium ribicola 627-628

Boirytis—
cinerea—

cause of damping-oS in conifers S47-SS8

fungus isolated from Ipomoea batatas. . . 356-357

douglasii. Syn. Botrytis cinerea.

vulgaris. Syn. Botrytis cinerea.

Bouyoycos, George J., and McCool, M. M.
(paper): Determining the Absolute Salt

Content of Soils by Means of the Freezing-

PointMethod 331-336

Brassica—
napus, injected areas due to freezing 87

oleracea capitata, frost injury in 85

Brier roses, resistant to brown canker 593-600

Brisket disease

—

condition of heart 409-41

1

effect of

—

altitude 411-414

feed 411-413

Bromelin, effect on oxidase activity of seeds. . 169

Bromus tcctorum—
susceptibility to Puccinia graminis 222,

228-229,240-241

used in bridging-host experiment 228-249

Brown Canker of Roses, Caused by Diaporthe

umbrina (paper) 593-600

Brown rust of bromes. SeePucciniadispersa.

Brown-tail moth. Sse Euproctis chrysorrhoea.

Bryanopsis laciniosa, host plant of Bacterium

lachrymans 206

Bug, gray-damsel. See Reduviolus ferus.

Bunzell, H. H., et al. (paper): Physiological

Studies of Normal and BUghted Spinach . 369-40S

Bulgarian bacteria in alfalfa silage 581-590

Byrophyllvun, production of injected areas

due to freezing 86-88

Cabbage. See Brassica oleracea capitata.

Calabash gourd. See Lagenaria vulgaris.

Calcium

—

carbonate

—

effect on plowsole 507

in olive earth 484

used to neutralize hydrogen peroxid . . . 142-143

in mulch, plowsole, and subsoil 508-516

malophosphate crystals, formation in frozen

spots of cabbage leaf 86-87

nitrate in solution used in experiments with

greensand 486-492

oxid in

—

greensand 485

mulch, plowsole, and subsoil 515-516

normal and blighted spinach 371-375

soil, effect of drying 325-328

sulphate, effect on plowsole 507

Calcium-acetate method, used in determining

soil acidity 322-329

Cane sugar, effect on alfalfa silage 584-590

Canker, brown, of roses 593-600

Capnodium m.cridionale, similarity to Colco-

sporiu'ti senecionis 648

Capriola dactylon, catalase and oxidase con-

tent of seeds .^ 137-174

Page

Carbohydrate changes during hardening

against frost injury 95-97

Carbohydrate production in healthy and
blighted spinach 381-384

Carbohydrates, effect on alfalfa silage 584-590

Carbon

—

digestibility in alfalfa hay and starch. . . . 271, 282

dioxid in

—

gaseous excretion 273, 284

silage, released by enzymic and yeast

action 589-590

disulphid, effect on nitrogen-fixing organ-

isms in soil 601-614

in dry matter of feeding stuffs 270

in gaseous excretion 273, 284

Carbonate

—

ammonium, used in experiments with

plowscle 508

calcium

—

effect on plowsole 507

in olive earth 484

sodium, effect on plowsole 507

Carsner, Eubanks (paper): Angular-Leafspot

of Cucumber: Dissemination, Overwinter-

ing, and Control 201-220

Caryopsis of seeds, catalase activity of 146-147

Casein digesters in alfalfa silage 586-590

Catalase and Oxidase Content of Seeds in

Relation to Their Dormacy, Age, Vitality,

and Respiration (paper) 137-174

Catalase of seeds

—

method of determining 139-141

solubility 160-161

Cattle, crosses between dairi' and beef

breeds i-S7

Cattleya orchids, fumigation with hydro-

cyanic-acid gas 263-268

Cells, diameter in various parts of seeds of

Johnson grass and crimson clover 14s

Cephalothecium sp., fungus isolated from

Ipomoea batatas 364

Ceratitis capitata in Hawaii, parasitism 419-466

Ceratocystis fimbriata. See Sphaeronema fim-

briatum.

Ceratostoma sp., fungus isolated from Ipomoea

batatas 364

Chaetomium sp., not cause of damping-off in

conifers 540-558

Chaetospermum glulinosa, susceptibility to

Pseudomonas cilri 662-665

Chalcas exotica, susceptibility to Pseudomonas

citri 661-666

Charcoal-rot of Ipomoea batatas 351-352

Chemical changes in plants during hardening

against frost injury 95-97

Chemistry of Sweet-Clover Silage in Compari-

son with Alfalfa Silage (paper) 113-132

Cherry, French. See Eugenia unijlora.

Chlorid—

barium, used in determining nitrogen in

spinach 400-404

mercuric

—

effect on Bacterium lachrymans 205

effect on oxidase activity of seeds 168-169

used in determining nitrogen in spin-

ach 399-404
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Chlorid—Continued. Page

potassium, used in exieriments with green-

sand 488

silver, used in determining nitrogen in

spinach 4cx>-404

sodium

—

effect on plowsole 507

used in aUcali experiment 289-319

used in experiments with intestinal tri-

chinae 468-482

Chloroform, effect on alfalfa silage S9o

Chrysophyllum monopyrenum. host of puparia

parasitized by Diachasma fullawayi 448

Citnez—
antenni-rectus. SeeMirw dolabratus.

deses. See Miris dolabratus.

dolabratus. See Miris dolabratus.

frumentaruis. See Miris dolabratus.

laevigatus. See Miris dolabratus.

lateralis. See Miris dolabratus.

porrectus. See Aliris dolabratus.

recticornis. See Miris dolabratus.

riparius. See Miris dolabratus.

V-fiavum. See Miris dolabratus.

Citratae, susceptibility to Pseudomonas citri 662-663

Citreae, susceptibiUty to Pseudomonas citri. 662-665

Citrinae, susceptibility to Pseudomonas citri 662-665

Citron. See Citrullus vulgaris.

Citrullus vulgaris—
free from attacks of Bacterium lachrymans ... 206

host of organism virulent to Ipomoea batatas 347

Citrus canker. See Pseudom.onas citri.

Citrus— .

grandis, susceptibility to Pseudomonas

citri 664-665

sinensis, susceptibility to Pseudomonas

citri 665

Citropsis schvueinfurthii, susceptibility to

Pseudomonas citri 662-665

Clays, potash in 70-72

Claucena lansium, susceptibility to Pseudo-

monas citri 662-665

Clover

—

crimson. See Trifolium incarnatum.

red. SteTrifolium.pratense.

Coffea arabica, host of puparia parasitized by
Diachasma fullawayi 448

Coffee. See Coffea arabica.

Coleoptera, fotmd on imported orchids 26.1

Coleosporium—
senecionis, similarity to Capnodium meridi-

onale 648

solidaginis. Syn. Coleosporium sonchi-arvcn-

sis.

sonchi-arvensis, fusion nucleus in teliospore . 646

Coleus, production of injected areas due to

freezing 86

Collembola, found on imported orchids 263

Colley, Reginald H. (paper): Parasitism, Mor-

phology, and Cytology of Cronartium ribi-

cola 619-660

Colloids, soil, relation to plowsoles 505-519

Colocasia esculenta, host of rot-producing

organism virulent to Ipomoea batatas 347

Colon organisms in alfalfa silage 574-592

Colorimctric titration of silage extract 127-129

Page

Complement-fixation test, serum distributed

by multiple-pipette holder 615-618

Condition of Fertilizer Potash Residues in

Hagerstown Silty Loam Soil (paper) s9-8i

Conifers, diseases of seedUngs 521-558

Conifer seedlings, injury from

—

damping-off 521-558

drouth 554-S5S

mechanical means 551-554

whitespot 551

Conner, S. D. (paper): Soil Acidity as Affected

by Moisture Conditions of the Soil 321-329

Contribution to the Biology of Fruit- Fly

Parasites in Hawaii (paper) 419-466

Copper

—

sulphate, effect on BacteriuTu lachrymans.. 205

sulphid, used in determining nitrogen in

spinach 400-404

Coriseus ferus, natural enemy of Leptoterma

dolobrata 194

Com chop, effect on alfalfa silage 574-590

Corrodentia, found on imported orchids 263

Corsican pine. See Pinus nigra poiretiana.

Corticium vagum, cause of damping-off in coni-

fers 522-558

Cotinus nilida, larvae, effect of hydrocyanic-

acid gas on 134-136

Crataegus spp., nature of dormancy of seeds, . 138

Crimson clover. See Trifolium incarnatum,.

Crocker, William, and Harrington, George T.

(paper): Catalase and Oxidase Content of

Seeds in Relation to Their Dormancy, Age,

Vitality, and Respiration 137-174

Cronartium—
ascelpiadeum, resemblance to Cronartium

ribicola 653

comptoniae, nature of injury on Pinus syl-

vestris 649

flaccidum, parasite on Peonia officinalis. . 638-639

occideniale, ascia 652

ribicola—
cytology 639-653

infection of pine 624-625

life history 620-624

morphologj'

—

aecia 630-634

mycelium 626-629

pycnia 629-630

telia 637-639

uredinia 635-637

Crookneck squash, Japanese. See Cucurbita

Tnoschata.

Crosses between dairy and beef cattle

—

breeds in parent herd 2

inheritance of—
beef qualities 49-51

color 22-24

milking qualities 51-52

muzzle color 42-43

polled character 45-4S

switch color 44

tongue pigment 43-44

white markings 24-42

Crude fiber

—

digestibility in alfalfa hay and starch 271, 28a

in dry matter of feeding stuffs .57°



Oct. 7-Dec. 30, 1918 Index 671

Cuciunber

—

squirting. See Momordica elaterium.

wild. See Echinocystis lobaia.

See CucuTnis sativus.

Cucumis—
acuiangulis, host plant of Bacterium lach-

Tymans

anguria, host plant of Bacterium lach-

Page

206

206

Page

rytnans

dipsaceus, host plant of Bacterium lack-

rytnans

grosstdariaeformis, free from attacks of Bac-

terium lachrymans 206

mdo—
free from attacks of Bacterium lachrymans 20&

var. dudaim, free from attacks of Bac-

terium lachrymans 2°6

var. flexuosus, free from attacks of Bac-

terium lachrymans 206

sativus, host plant of Bacterium lachrymans. 206

Cucurbita—
maxima, free from attacks of Bacterium

lachrymans 2°^

moschata, free from attacks of Bacterium

lachrym.ans *°^

pepo—
free from attacks of Bacterium lachrymans 206

var. condensa, free from attacks of Bac-

terium lachrymans 206

var. ovifera, free from attacks of Bacterium

lachrymans ^°^

Cuprous oxid in intumescences on frozen

leaves ^^

Cyanid

—

potassium, tolerance of larvae of Trichinella

spiralis to 477-479

sodium

—

effect on cattleya orchids 267-268

used to generate hydrocyanic-acid gas
. . . 134

Dactylis gloTnerata—
food plant of Mir is dolabratus 182

reported bridging host for transfer of

timothy rust 222

source of Puccinia graminis phleipratensis

transferred to semicongenial hosts 344

Dairy cattle, crosses with beef breeds i-S7

Damping-off diseases of conifers 521-558

Dasheen. See Colocasia esculenta.

Datana inlegerrima, effect of hydrocyanic-

acid gas on 264-268

Denitrification in diseased spinach 401-404

Desiccation, effect on catalase activity of

seeds 149-150

Determining the Absolute Salt Content of

Soils by Means of the Freezing-Point

Method (paper). . . . 331-336

Dextrose in intimiescences on frozen leaves.
. 88

Diabrolica—
duodecimpunctata, possible carrier of Bac-

terium lachrymans *'*

vittata, possible carrier of Bacterium lachry-

mans "'*

Diachasma—
fullawayi—

life history 445-448

natural enemy of Mediterranean fruit fly.

419-466

Diachasma—Continued

.

try(mi—
Ufe history 420-4J9

natural enemy of Mediterranean fruit

fly 419-466

Diamino acids in healthy and blighted spi-

nach 399-404

Diaporthe—
batatatis, causal organism of dryrot of Ipo-

moea batatas 349

umbrina, n. sp., cause of brown canker of

roses 593-600

control 598-599

cultural characters 598

description 596-597

life history 598

Dicotyledons, parasitized by same damping-

off parasite as conifers 535-558

Dietz. H. F., and Sasscer, E. R. (paper):

Fumigation of Cattleya Orchids with Hy-

drocyanic-Acid Gas 263-268

Dimorphism of A/i>>.j dolabratus 183-184

Dioxid

—

carbon, in silage, released by enzymic and

yeast action 589-590

silicon in

—

mulch, plowsole. and subsoil 508-516

normal and blighted spinach 37I-37S

Dioxygen. used in determining catalase con-

tent of seeds 140-144

Diplodia—
gossypina, causal organism of rot in Ipo-

Tnoea batatas 347

maclurae, causal organism of rot in Ipomoea

batatas 347

natalensis, causal organism of rot in Ipcmoea

batatas ^47

tubericola, causal organism of Java blackrot

of Ipotnoea batatas 347

zeae, nonvirulent to Ipomoea batatas 348

Disaccharids in hardened and nonhardened

cabbage • 95-96

Discosia pini, not cause of damping-oS m
conifers 55°

Diseases of conifer seedlings 52 1-558

Disulphid, carbon, effect on nitrogen-fixing

organisms in soil 601-614

Dormancy of seeds, relation of catalase and

oxidase content to 137-174

Douglas fir. See Pseudolsuga taxifolia.

Drouth injury, compared with damping-ofi in

conifer seedlings 554-555

Drying, effect on catalase activity of seeds. . 149-150

Dryrot of Ipomoea batatas 349-350

Echinocystis lobata. free from attacks of Bac-

terium lachrymans -°*

Effect of Carbon Disulphid and Toluol upon

Nitrogen-Fixing and Nitrifying Organisms

(paper) 601-614

Effect of Farm Manure in Stimulating the

Yields of Irrigated Field Crops (paper) .493-503

Effect of Hydrocyanic-Acid Gas under

Vacuum Conditions on Subterranean

Larvse (paper) '33-'36

Elaeagnus sp., host of damping-off parasites,

535-558

Electrometric titration of silage extract .
. .

125-127
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Elymus— Page

canadensis, used in bridging-host experi-

ments 226-249

tnacounii, source of Puccinia graminis iri-

ijcj transferred to semicongenial hosts 242

robustus used in bridging-host experiment,

234-249

virginicus, used in bridging-host experi-

ment 233-249

Embryo of seeds, catalase activity of 146-147

Endopliyllum semperviri, a?ciospore chains. . . 647

Endosperm of seeds, catalase activity of. .. 146-147

Energy expenditure consequent upon feed

consumption 27S-280

Engehnann spruce. See Picea engelmanni.

Entomophlhora sp., fungus attacking Miris

dolahratus 197

Enzyms in alfalfa silage 589-590

Epicoccum sp., fungus isolated from Ipomoca

batatas 357

Erb, E. S., and Frear, William (paper): Con-

dition of Fertilizer Potash Residues in Ha-

gerstown Silty Loam Soil 59-81

Ercmocitrus glauca, susceptibility to Pseudo-

monas citri 662-665

Eriobotrya japonica, host fruit of puparia para-

sitized by Diachasmafullawayi 448

Errata and authors' emendations iv

Erysiphe graminis, tested on Bromus spp .... 222

Ether extract in dry matter of feeding stuffs. 270

Ethyl-acetate method, used in determining

soil acidity 322-329

Eugenia uniflora—
host fruit of puparia parasitized by Dia-

chasma fullawayi 448

host plant of puparia parasitized by Dia-

chasma tryoni 429

Eugenol, used to determine oxidase activity

in normal and blighted spinach 377-380

Eulophinae, one species natural enemy of

Jlediterranean fruit fly 419-466

Euproctis chrysorrhoca, used in experiments

with Limnerium validum 458

Evodia—
latifolia, susceptibility to Pseudoinonas

citri 663-665

ridleyei, susceptibility to Pseudomonas
citri 663-665

Excretion

—

gaseous, in alfalfa hay and starch-feeding

experiment 273, 2S4

urinary, in alfalfa hay and starch-feeding

experiment 273, 283

Experiments in Field Technic in Plot Tests

(paper) 251-262

Experiments on the Value of Greensand as a

Source of Potassium for Plant Culture

(paper) 483-492

Fall webworm. See Hyphantria cunca.

Favus, skin disease caused byA chorion Schon-

Icinii—
anatomical changes 416

eazootiologj'' 416-417

treatment 417-418

Feed-
effect on brisket disease 411-414

influence of quantity on digestibiUty 272

relation to energy expenditure 278-280

Page
Feeding stuffs, composition and energy con-

tent of 2 70

Fermentation, methane, in alfalfa hay and
starch 274-275

Feroniella lucida, susceptibility to Pseudo-

monas citri 662-665

Feronia limcmia, susceptibility to Pseudo-

monas citri 662-665

Feroninae, susceptibility to Pseudomonas
citri 662-665

Ferric oxid in

—

mulch, plowsole, and subsoil 508-516

soil, effect of drying 325-328

Fertilizer potash residues in Hagerstown
silty loam soil 59-81

I
Fescue, meadow. See Festuca elatior.

Festuca—
j

elatior—
I

food plant of Miris dolabratus 182

reportedbridginghost for transfer of timo-

thy rust 222

source of Puccinia graminis phleipratensis

transferred to semicongenial hosts 244

pratensis, source of Puccinia -graminis phlei-

pratensis transferred to semicongenial

hosts 244

Fir, Douglas. See Pseudotsuga iazifolia.

Fly, fruit. See Ceratitis capilata.

Footroot of Ipomoea batatas 350

Forests, damping-off in 525-558

Formaldehyde

—

effect on Bacterium lachrymans 205

remedy for favus 417-418

Formol, used in determining nitrogen in

spinach 400-404

Fortuiiella—
hindsii, susceptibility to Pseiidomonas

citri 662-665

japonica, susceptibility to Pseudomonas

citri 662-665

Four-lined plant bug. See Poecilocapsus

lineatus.

Frost injury to plants, growth in injected

areas 87-S8

Frear, William, and Erb, E. S. (paper): Con-

dition of Fertilizer Potash Residues in Ha-

gerstown Silty Loam Soil 59-81

Freezing in plants 83-1 1

1

Freezing-point method, determination of

salt content of soil by 331-336

Freezing points of juice from hardened and

nonhardened plants 94-95

French cherrj'. See Eugenia uniflora.

Fries, J. August, and Armsby, Henry Pren-

tiss (paper): Net Energy Values of Alfalfa

Hay and of Starch 269-2S6

Frost injury'

—

first indications in cabbage and tomato. . . 85

hardening cabbage against

—

chemical changes 95-97

physiological changes 92-93

peroxidase changes in injured areas 88-90

"Frosted grains," relation to after-ripening. . 153

Fruit fly. See Ceratitis capilata.

Fumigation of Cattleya Orchids with Hydro-

cyanic-Acid Gas (paper) 263-268
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Page

Fumigation with hydrocyanic-acid gai, effect

on subterranean larvae 133-136

Fungous parasites, cause of dampiag-off in

conifers 521-558

Further Data on the Susceptibility of Ruta-

ceous Plants to Citrus-Canker (paper) 661-666

Further Studies on Brisket Disease (paper). 409-414

Fusarium—
acuminalum—
fungus used in inoculation experiments

with Ipomoea batatas 360

not cause of damping-off in conifers 540-558

blasttcola, cause of damping-ofi in conifers. 537-546

caudatum, fungus isolated from Ipomoea

batatas 363-3''4

culmoTutn, fungus used in inoculation ex-

periments with Ipomoea batatas 359-3^0

hyperoxysporum, fungus isolated from Ipo-

moea batatas 3'53-3<54

moniliforme, cause of damping-off in coni-

fers 522-558

orthoceras, fungus isolated from Ipomoea

batatas 363-364

oxyspoTum—
fungus isolated from Ipomoea batatas 360

isolated in sweet-potato storage-rots 338,

360, 363-364

parasiticum, cause of damping-oS in coni-

fers 537-546

pint, cause of damping-off in conifers 53 7-546

solani, cause of damping-ofT in conifers. . . 540-558

vasinfectum.—
cause of damping-off in conifers 537-546

fungus isolated from Ipomoea batatas 364

ventricosum, cause of damping-off in coni-

fers 522-558

Fusoma spp., reported cause of damping-off

in conifers 537-546

Gainey, P. L. (paper): Effect of Carbon Di-

sulphid and Toluol upon Nitrogen-Fixing

and Nitrifying Organism.s 601-614

Galesus silveslrii, parasite of Mediterranean

fruit fly 433-466

Gas, hydrocyanic-acid

—

effect on subterranean larvae 133-136

fumigation of cattleya orchids 263-268

Gaseous excretion in alfalfa hay and starch

feeding experiment 273 , 2S4

Gastric digestion, effect on larva; of Trichi-

nella spiralis 470-471

Geise, Fred W., and True, Rodney H. (paper):

Experiments on the value of Greensand as

a Source of Potassium for Plant Culture . . . 483-492

Gelatin liquefiers in alfalfa silage 581-590

Geranium, production of injected areas due
to freezing 86

Germinator, effect on catalase activity of seeds

156-159

Germination, effect on oxidase activity of

seeds 166-167

Gherkin, West Indian. Cucumis anguria.

GMerella saubinetii, fungus used in inocula-

tion experiments with Ipomoea batatas. . . 357-358

Glauconite, applied to farm crops 4^3-492

Glover, George H., and Newsom, L. E. (pa-

per): Further Studies on Brisket Disease. 409-414

Glucose in

—

Page
hardened and nonhardened cabbage 95
normal and blighted spinach 383

Glycerin, used in determining carbohydrates

in normal and blighted spinach 383

Glycosmis pentapkylla, immunity to Pseudo-

Tnonas citri 664-665

Gourd

—

calabash. See Lagenaria vulgaris.

hedgehog. See Cummis dtpsaceus.

mandera. See Cucumis acutangulis

.

See Cucurbita pepo var. ovifera.

Gowen, John W. (paper): Studies in Inherit-

tance of Certain Characters of Crosses be-

tween Dairy and Beef Breeds of Cattle. . . . 1-58

Grass

—

Bermuda. See Capriola dactylon.

Johnson. See Sorghum halepensis.

orchard. See Dactylis glomerata.

Sudan. See Andropogon halepensis sxidan-

esis.

Tunis-sorghum hybrid, oxidase activity. 161-169

witch. See Panicum capillare.

Gray-damsel bug. See Reduviolusferus.

Green Jime beetle. See Cotinus nitida.

Greensand, source of potassiiun 483-493

Grub, white. See Lachmosterna sp.

Guaiacol, used to determine oxidase activity

in normal and blighted spinach 377-380

Guinea pig, weight of heart 411

Gypsum, used in experiments with plow-
sole 514-51S

Gypsy moth. See Porthetria dispar.

Halpin, J. G., and Beach, B. A. (paper): Ob-
servations on an Outbreak of Favus 415-418

Halticus citri, pest of beans i8t

Hardening Process in Plants and Develop-

ments from Frost Injury (paper) 83-11

1

Hardiness to frost, method of testing 93

Hardiness to frost, time and temperature

factors in acquiring or losing 93-94

Harrington, Georse T., and Crocker, 'William

(paper): Catalase and Oxidase Content of

Seeds in Relation to Their Dormancy, Age,

Vitality, and Respiration 137-174

Harris, F. S., and Pittman, D. W. (paper):

Soil Factors Affecting the Toxicity of Alkali

287-319

Harter, L. L., Weimer, J. L., and Adams, J.

jr. R. (paper): Sweet-Potato Storage-Rots

337-368

Hartley, Carl, and Merrill, T. C. (paper):

Seedling Diseases of Conifers 521-558

Harvey, R. B. (paper): Hardening Process

in Plants and Developments from Frost

Injury 83-iit

Hawaii, fruit-fly parasites in 419-466

Hawkins, Lon A., et al. (paper): Physiologi-

cal Studies of Normal and Blighted Spin-

ach 369-408

Hay, alfalfa

—

digestibility 271, 283

net energy value 269-286

Hayes, H. K., and Army, A. C. (paper):

Experiments in Field Technic in Plot

Tests 351-262
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Heart— Page

condition in brisket disease 409-411

weight in

—

guinea pig 411

rabbit 411

Heat production and emission in feeding

experiment 277-278, 284-2S6

Hedgehog gourd. See Cucuinis dipsaccus.

Helianihus annuus, production of injected

areas due to freezing 86

Hemiptera, found on imported orchids 263

Hesperethusa crenulata, susceptibility to

Pseudomonas citri 662-665

Histological Studies on Potato Leafroll

(paper) 559-570

Holcus halepensis sudanensis. S^ti. Andro-

pogon halepensis sudanensis and Sorghum

halepensis.

Hordeum—
juhaiwm—

source of Puccinia gratninis triiict trans-

ferred to semicongenial hosts 242

source of Puccinia graminis in bridging-

host experiment 230

Pusillum, used in bridging-host experi-

ment 230-249

spp., used in bridging-host experiments . . 223-249

vulgare—
reported infected with timothy rust

through bridging host 222

source of Puccinia graminis (ritici trans

ferred to semicongenial hosts 242

Hubbard squash. See Cucurbiia maxima.

Humin nitrogen in healthy and blighted

spinach 399-404

Humus extracts of mulch, plowsole, and sub-

soil, analysis 508

Hunter, O. W. (paper): Bacteriological

Studies on Alfalfa Silage 571-593

Hydrangea, production of injected areas due
to freezing 85

Hydrate, anmionium, used in experiments

with plow.sole 508

Hydrochloric acid. See Acid, hydrochloric.

Hydrocyanic-acid gas

—

effect on subterranean larvae 133-136

fumigation of cattleya orchids 263-268

generation of 134

Hydrofluoric acid. See Acid, hydrofluoric.

Hydrogen

—

electrode, used in titration of silage extract 1 18-127

in gaseous excretion 273,284

peroxid, used in determining catalase

content of seeds 140-144

Hydrogen-ion concentration of

—

piant sap, changes in during freezing 98-101

silage extract 118-127

Hydroquinone

—

oxidaseof Johnson grass not active toward.. 162

test for oxidase in

—

frozen cabbage leaves 88

normal and blighted spinach 377-380

Hydroxid

—

barium, used in determining nitrogen in

spinach 399-404

sodium

—

in alfalfa silage 586-590

Hydroxid—Continued. Page
sodium Continued.

used to

—

determine catalase activity of seeds. ... 139

determine water-soluble nitrogen in

spinach 398-404

neutralize hydrogen peroxid 142-144

Hymenoptera, found on imported orchids. . . 263

Hyphantria cunea, host of Limnerium validum . 458
Hypochnus solani. Syn. Corticium vagum.
Hystrix patula, source of Puccinia graminis in

bridging-host experiment 233

Inheritance of characters of crosses between
dairy and beef cattle 1-57

Intestinal trichinse. See Trichinella spiralis.

Ipomoea batatas—
storage-rots 337-368
varieties susceptible to blaekrot 346

Irish potatoes. See Solanum tuberosum.

Iron in

—

greensand 483-492
mulch, plowsole, and subsoil 508-516

normal and blighted spinach 371-375
Isoeugenol, used to determine oxidase activ-

ity in normal and blighted spinach 377-380

Jack pine. See Ptnus banksiana.

Japanese crookneck squash. See Cucurhita

moschata.

Java blaekrot of Ipomoea batatas—
description 347-348
inoculation experiments 348-349

Jenkins, Anna E. (paper): Brown Canker of

Roses, Caused by Diaporthe umbrina .... 593-600

Jodidi, Samuel L., et. al. (paper): Physiolog-

ical Studies of Normal and Blighted

Spinach 369-408

Johnson grass. See Sorghum halepensis.

Jime beetle, green. See Cotinus nitida.

Kamani nuts. See Terminalia caiappa.

Kellogg, Edward H., et al. (paper): Physio-

logical Studies of Normal and Blighted

Spinach 369-408

Kelly, James W., et. al. (paper): Physiologi-

cal Studies of Normal and Blighted

Spinach 369-408

Kjeldahl method used in determination of

silage extract 129-131

Lachnosterna sp., larvae, effect of hydrocyanic-
acid gas on 134-136

Lactic acid. See Acid, lactic.

Lagcnaria vulgaris, host plant of Bacterium
lachrymans 206

Larvse, effect of hydrocyanic-acid gas on. . . 133-136

Lasiodiplodia nigra, causal organism of rot in

Ipomoea batatas 347
Latuca sativa, production of injected areas

due to freezing 86

Lavanginae, susceptibility to Pseudomonas
citri 662-665

Leafroll of Solanum tuberosum 559-57°

Leafspot, angular, of cucumber 201-220

Lee, H. Atherton (paper): Further data on

the Susceptibility of Rutaceous Plants to

Citrus-Canker 661-666

Lepidoptera, found on imported orchids 263

Leptoterna—
dolabrata. See Miris dolabratus.

id. See Mtris dolabratus.



Oct. 7-Dec. 30, 1918 Index 675

Lettuce. See Latuca sativa. Page

Levine, M. N., ct al. (paper): Plasticity of

Biologic Forms of Puccinia graminis 221-249

Levulose in intumescences on frozen leaves . . SS

Lime in grecnscnd 483-492

Limnerium validum, natural parasite of Hy-
phantria cunea 458

Loblolly pine. See Pinus taeda.

Lopomorphus id. See Miris dolcbralus.

Lopus id. See Miris dolabraius.

Loquat. See Eriobotrya japonica.

Lycopersicon esculentum, first indications of

frost injury in 85

Lygus pratcnsis, general plant pest i8i

Macrosporium sp., fungus isolated from Ipo-

moea batatas 364

Magnesia, used in determining water-soluble

nitrogen in spinach 398-404

Magnesium

—

in mulch, plowsole, and subsoil 50S-516

oxid

—

in soil, effect of drying 325-328

in normal and blighted spinach 371-37S

used in determining water-soluble nitro-

gen in spinach 35S-404

sulphate

—

effect on plowsole 507

in solution used in experiments with

greensand 4S6-492

Mandera gourd. See Cucumis dipsaceus.

Manganese

—

in plant tissues, relation to oxidase activity 373

oxid

—

in soil, effect of drying 325-328

red, in normal and blighted spinach . . . 371-375

Manganous oxid in mulch, plowsole, and sub-

soil 515-516

Mangifcra indica, host of rot-producing organ-

ism virulent to Ipomoea batatas 347

Mango. See Mangifera indica.

Manure, effect on irrigated crops 493-503

Marl, applied to farm crops 4S3-492

Maturity of seeds, effect on

—

catalase activity 148-149

ox'dase activity 163-164

Meadow fescue. See Festuca elatior.

Meadow Plant Bug, Miris dolabratus. The
(paper) 175-200

Medicago sativa, silage compared with that

from Melilotus spp 1 13-13 2

Mediterranean fruit fly. See Ceratitis capi-

tata.

Melampsora—
lini, multinucleate fusion cells 646

pinitorqua, not cause of damping-off in

conifers 550

Mclanospora sp., fungus isolated from Ipo-

moea batatas 364

Melicope triphylla, susceptibility to Pseudo-

monas citri 663-665

.Melilotus spp., silage compared with that

from Medicago satira 113-132

Melon fly. See Baciroccra cucurbilae.

Melon

—

pomegranate. See Cucumis mdo var. du-

daim.

snake. See Cucumis mclo.

Mercuric

—

Page

chlorid

—

effect on

—

Bacterium lachrymans 205

oxidase activity of seeds 168-169

used in determiningnitrogen in spinach . 399-404

nitrate, effect on oxidase activity of seeds. . 169

Mercurous nitrate, effect on oxidase activity

of seeds 169

Merrill, T. C, and Hartley, Carl (paper):

Seedling Diseases of Conifers 521-558

Metabolism, nitrogen, in normal and blighted

spinach 3S5-404

T\Ieta-cresol, used to determine oxidase ac-

tivity in normal and blighted spinach. . . 377-3S0

Methane fermentation in alfalfa hay and

starch 274-275

Microcitrus—
australasica, susceptibility to Pseudomonas

citri 662-665

austraiis, susceptibiUty to Pseudomonas

citri . . 662-665

Microbial flora of alfalfa silage 574-592

Mtmusops elengi, used in obtaining oviposi-

tion records for Opius humilis 443

Miris—
abbreviatus. See Miris dolabratus.

belangeri. See Miris dolabratus.

dolabratu s
—

control measures 197-198

description 191-194

dimorphism 183-184

distribution 175-181

economic importance 181-182

food plants 182-183

life history 184-194

natural enemies 194-197

synonymy 183

lateralis. See Aliris dolabratus.

picticeps. See Miris dolabratus.

Moisture

—

effect on

—

after-ripening of seeds 138

soil acidity 321-329

toxity of alkali 306-309

in healthy and blighted spinach 387-390

in sweet-clover and alfalfa silage 114

Molasses, effect on alfalfa silage .; 74-590

Momordica—
balsamina, free from attacks of Bacterium

lachrymans 206

c'tarantia, free from attacks of Bacterium

lachrymans 206

claterium, free from attacks of Bacterium

lachrymans 206

Monilochactes infusccns, causal organism of

scurf in Ipomoca batatas 352

Monoamino acid nitrogen in healthy and

blighted spinach 399-404

Monosaccharids in hardened and nonhard-

cncd cabbage 95-96

Moss roses, resistant to brown canker 593-600

Moth—
brown-tail. See Euproctis chrysorrhoea.

gypsy. See Porthetria dispar.

rusty vapor. See Notclophus antiquus.
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MucoT— Page

racemosus, fungus isolated from Ipomoea

batatas 354-355

sp., not cause of damping-off in conifers. . . . 549

Multiple-Pipette Holder for the Distribution

of Serum for the Complement-Fixation

Test, A (paper) 615-618

Murraya exotica. S>Ti. Chalcas exotica.

Muskmelon. See Cucumis melo.

Nectria ipomoeae, fungus isolated from

Ipomoea batatas 363-364

NeocosmospoTa vasinfectum, fungus isolated

from Ipomoea batatas 364

Neofabraea Tnalicorticis, fungus used Ln inocu-

lation experiments with Ipomoea batatas . . . 362

Net Energy Values of Alfalfa Hay and of

Starch (paper) 269-286

Newsom, L. E., and Glover, George H.
(paper): Further Studies on Brisket Dis-

ease 409-414

Nitrate-

calcium, Ln solution used in experiments

with greensand 486-492

mercuric, effect on oxidase activity of seeds . 169

mercurous, effect on oxidase activity of

seeds 169

potassium

—

method, used in determining soil acid-

ity 322-329

used in experiments with greensand . . . 488-492

silver, used in determining nitrogen in

spinach 399-404

sodium, effect on plowsole 507

Nitric acid. See Acid, nitric.

Nitrifying organisms in soil, effect of carbon

disulphid and toluol 601-614

Nitrogen

—

acid amid, in healthy and blighted spin-

ach 398-404

amino, in alfalfa silage 581-590

ammonia, in healthy and blighted spin-

ach 398-404

basic, in healthy and blighted spinach. . . 399-404

digestibility in alfalfa hay and starch. ... 271, 282

humin, in healthy and blighted spinach. 399-404

in dry matter of feeding stuffs 270

in hardened and nonhardened cabbage. 97 , 105-108

in silage extract 125-132

metabolism in normal and blighted spin-

ach 385-404

monoamino acid, in healthy and blighted

spinach 399-404

peptid, in normal and blighted spinach. 400-404

residual soluble, in normal and blighted

spinach 400-404

Nitrogen-fixing organisms in soil, effect of

carbon disulphid and toluol 601-614

Nitrogen-free extract, digestibility in alfalfa

hay and starch 270,271,282

Nitrohydrochloric acid. See Acid, nitrohy-

drochloric.

Nonprotein content of dry matter of feeding

stuffs 270

Nonprotein nitrogen in normal and blighted

spinach 393-397

Nonproteins in normal and blighted spinach 385-404

Norway spruce. See Picea excelsa.

Page
Nololophus antiquus, used in experiments

with Limneriutn validium 458

Nuts, kamani. See Terminalia catappa.

Oats. Se^ Avena sati-va.

Observations and Experiments on Intestinal

Trichinae (paper) 467-482

Observations on an Outbreak of Favus
(paper) 415-418

Olive earth, overlying greensand 484

Olive, Russian wild. See Elaeagnus sp.

Oncognathus binotatus, infesting timothy.. 178,181

Oomycetes causing damping-off of conifers. . . 530

Opiinae, three species natural enemies of

Mediterranean fruit fly 419-466

Opius—
fletcheri—
enemy of Mediterranean fruit fly 419-466

melon-fly parasite 456
humilis—

life history 440-445

natural enemy of Mediterranean fruit

fly 419-466

Orchard grass. See Dactylis glomerata.

Orchids, cattleya, fumigation with hydro-

cyanic-acid gas 263-268

Organic matter

—

digestibility in alfalfa hay and starch 271, 282

effect on toxity of alkali 303-305

Orthoptera, found on imported orchids 263

Osbom. Herbert (paper): The Meadow Plant

Bug, Miris dolabratus 175-200

Oxid—
alimiinium, in

—

mulch, plowsole, and subsoil 508-516

normal and blighted spinach 371-375

soil, effect of drying 3-5-328

calcium, in

—

greensand 485

mulch, plowsole, and subsoil 515-516

normal and blighted spinach 371-375

soil, effect of drying 325-328

cuprous, in intumescences on frozen leaves. 88

ferric, in

—

mulch, plowsole, and subsoil 508-516

soil, effect of drying 325-328

magnesium, in

—

normal and blighted spinach 371-375

soil, effect of drying 325-328

manganese, in soil, effect of drying 325-328

manganous, in mulch, plowsole, and sub-

soil 515-516

potassium, in

—

greensand 485

normal and blighted spinach 3 7 1-3 75

red manganese, in normal and blighted

spinach 371-375

silicic, in soil, effect of drying 325-328

sodium, in normal and blighted spinach. 371-375

Oxidase, in—
frozen cabbage leaves 88

nonliving structures of seeds 167-168

normal and blighted spinach 377-380

plant tissues, relation to manganese content 3 73

seeds 137-174

Oxygen

—

effect on after-ripening of seeds 138

liberated from seeds by catalase activity. 142-161
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Page

Pachycrepoideus dubius—
enemy of Mediterranean fruit fly 419-466

puparium parasite of Mediterranean fniit

fly 461-463

Panicularia pauciflora, source of Puccinia

graminis avenae transferred to uncongenial

hosts 243

Panicum capillare, food plant of Miris dola-

bratus 1S2

Paracresol, used to determine

—

catalase activity of seeds 162, 166

oxidase activity in normal and blighted

spinach 377-380

Paramignya longipedunculata, susceptibility

to Pseudomonas citri 662-665

Parasites of Mediterranean fruit fly in

Hawaii 419-466

Parasitism, Morphology, and Cytology of

Cronartium ribicola (paper) 619-660

Peach. See Amygdalus persica.

Pemberton, C. E.,and W'illard, H. F. (paper):

Contribution to the Biology of Fruit-Fly

Parasites in Hawaii 419-466

Penicillium—
sp., fungus isolated from Ipomoea bata-

tas 355-356,364

sp.notcauseof damping-off in conifers 549

Pentoxid, phosphorus, in

—

greensand 48s

mulch, plowsole, and subsoil 508-516

normal and blighted spinach 371-375

Peonia officinalis, host of Cronartium flac-

cidum 638-639

Peptid nitrogen in normal and blighted

spinach 400-404

PeridermiuTti—
cerebrum, parasite of Pinus rirginiana 625

pini—

parasite on Pinus sylvestris 625

acicolum, nuclear division of aeciospores . . 639

Peroxid of hydrogen, used in determining

catalase content of seeds 140-144

Peroxidase in frozen cabbage leaves 88-89

Pestalozzia—
/wfterea, isolated from damped-off conifers 547-558

Aar/iffn, isolated from damped-off conifers. 547-558

sp., isolated from Ipomoea batatas 364

Pheidole megacephala, natural enemy of Med-
iterranean fruit fly 419-466

Phenolphthalein, used in

—

determining catalase content of seeds 139

titration of silage extract 116-117

Phleum pratensc—
food plant of Mtris dolabralus 176, 182-183

source of Puccinia graminis phleipratensis

transferred to scmicongcnial hosts 244

uncongenial host of Puccinia graminis

avenae 243

Phloroglucin, used to determine oxidase

reaction in normal and blighted spinach . . 377-380

Phoma—
batatae, reported causal organism of dryrot

of Ipomoea batatas 349

bclac, not cause of damping-off in conifers . 540-558

Phorantha occidentis, parasite of Miris dola-

bratus 1 76

Phosphate

—

Page

potassium, in solution used in experiments

with greensand 486-492

sodium, effect on plowsole 507

Phosphates in

—

greensand 483-492

olive earth *.
. . . 484

Phosphomolybdic acid. See Acid, phospho-

molybdic.

Phosphorus

—

, in hardened and nonhardened cab-

bage 97, 105-108

pentoxid in

—

greensand 485

mulch, plowsole, and subsoil 508-516

normal and blighted spinach 37I-37S

Phosphotimgstate, barium, used in deter-

mining nitrogen in spinach 399-404

Phosphotimgstic acid. See Acid, phospho-

tungstic.

Physiological Studies of Normal and BUghted
Spinach (paper) 369-408

Phytophthora sp., causal organism of damping-

off in conifers 530

Picea—
engetmanni, host of damping-off parasites. 523-558

excclsa, host of damping-off parasites 531-558

Piemeisel, F. J., et al. (paper): Plasticity of

Biologic Forms of Puccinia graminis 221-249

Pig, guinea, weight of heart 411

Pine

—

Austrian. Pinus auslriaca.

Corsican. See Pinus nigra poiretiana.

jack. See Pinus banksiana.

loblolly. See Pinus taeda.

pitch. See Pinus rigida.

red. See Pinusesinosa.

Scotch. See Pinus sylvestris.

scrub. See Pinus virginiana.

shortleaf. See Pinus echinata.

white. See Pinus strobus.

yellow. See Pinus ponderosa.

Pinus—
austriaca, host of damping-off parasites. . 531-558

banksiana, host of damping-off parasites. 525-558

echinata, germination in mineral soil 526

flexilis, host of Cronartium ribicola 620

montana, attacked by Melampsora pini-

torqua 551

nigra poiretiana, host of damping-oS

fungi 5*4-558

parvifiora—
host of Cronartium ribicola 620

nature of infection by Cronartium ribi-

cola 649, 651

ponderosa—
host of damping-off parasites 523-558

nature of injury from Cronartium comp-
toniae 649

resinosa, host of damping-off parasites 53'-Ss8

rigida, germination in mineral soil 526

scopuloTum. Syn. Pinus ponderosa.

strobus—
host of Cronartium ribicola 619-660

host of damping-off parasites 530-558

sylvestris, host of

—

damping-off parasites 531-558

Pcridcrmium pini 625
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Pinus—Continued. Page

taeda, germination in mineral soil 526

virginiana—
germination in mineral soil 526

host of Peridermium cerebrum 625

Pipette holder for distribution of serum . . . 613-618

Pitch pine. See Pinus rigida.

Pittman, D. W., and Harris, F. S. (paper):

Soil Factors Affecting the Toxity of

Alkali 287-319

Plant bug

—

four-lined. See Poecilocapsus lineatus.

meadow. See Miris dolabralus.

tarnished. See Lygus Pratensis.

Plants, hardening against frost 8j-iii

Plasmolysis of cells

—

caused by freezing 90-93

effect on hydrogen-ion concentration of sap . 99

Plasticity of Biologic Forms of Puccinia

graminis (paper) 221-249

Plenodomus destruens, causal organism of foot-

rot of Ipomoea batatas 350

Plot tests, field technic 231-262

Plowsole, relation of inorganic soil colloids

to 505-519

Poa pratensis—
catalase and oxidase content of seeds .... 137-174

food plant of Miris dolabratus 183

Poecilocapsus lineatus, pest of currants i8i

Polypeptids in normal and blighted spin-

ach 385-404

Polyphagus euglenae, similarity to Cronartium

ribicola 648

Polysaccharids in hardened and nonhardened
cabbage 95-96

Pomegranate melon. See Cucumis melo var.

dudaim.

Popillia japontca, larvae, effect of hydrocy-

anic-acid gas on 134-136

Populus—
alba, attacked by Melampsora pinitorqua . . 551

balsamifera candicans, attached by Mel-

ampsora pinitorqua 531

tremula, attached by Melampsora pinitor-

gua 551

Porthetria dispar, used in experiments with

Limnerium validum 458

Potash in

—

greensand 483-493

Hagerstovni silty loam, soluble in

—

ammonium-chlorid solution 67-70

carbonated water 67

distilled water 64-66

hydrochloric acid 63-64

Potassium

—

chlorid, used in experiments with green-

sand 488

cyanid, tolerance of larvae of Trickinella

spiralis to 477-479

in greensand 483-492

nitrate, used in experiments with green-

sand 488-492

oxid in

—

normal and blighted spinach 371-375

greensand 485

phosphate in solution used in experiments
with greensand 486-492

Page
Potassium-alum solution, used in determining

protein nitrogen in spinach 391-393

Potassium-nitrate method, used in deter-

mining soil acidity 322-329

Potato-

sweet. See Ipomoea batatas.

See Solanum tuberosum.

Potentiometric determination of changes in

hydrogen-ion concentration of plant sap

during freezing 99-101

Protein

—

digestibility in alfalfa hay and starch. . . . 271,287

in dry matter of feeding stuffs s7o

in hardened and nonhardened cabbage. 97,103-104

in normal and blighted spinach 385-404

Pseudomonas—
cilri—

susceptibility of rutaceous plants 661-666

virulence to Rutaceae 661-666

lachrymans. Syn. Bacterium lachrymans.

Puccinia—
dispersa, plasticity of biologic forms 221

falcariae, asciospore chains 647

graminis—
plasticity of biologic forms 221-249

agrostis, plasticity of biologic forms .... 241-247

avenae, used in bridging-host experi-

ments 227-249

phleipratensis, plasticity of biologic

forms 241-247

secalis. used in bridging-host experi-

ments 22s

trilici, used in bridging-host experi-

ments 225-249

tritici-compacti, used in bridging-host

experiments 227-249

Pucciniastrum agrimoniae, structure of ure-

dinium 632

Pulverization of seeds, effect on catalase ac-

tivity 143-145

Pumpkin. See Cucurbita pepo.

Pyrocatechin, used as test for oxidasein frozen

cabbage leaves 88

Pyrocatechol, used to determine oxidase ac-

tivity of

—

normal and blighted spinach 377-380

seeds 162, 166

Pyrogallol, used to determine oxidase in

—

frozen cabbage leaves 88

normal and blighted spinach 377-380

seeds 162, 166

Pseudotsuga tazifolia, host of damping-off para-

sites 531-558

Pythium debaryanum., cause of damping-off in

conifers 523-558

Rabbit, weight of heart 411

" Rain-barley," relation to after-ripening 153

Rambler roses, resistant to brown canker. . 593-600

Reagents used in determining oxidase activ-

ity of seeds 162, 166

Red clover. See Trifolium pratense.

Red manganese oxid in normal and blighted

spinach 371-375

Red pine. See Pinus resinosa.

Reducing sugars in

—

hardened and nonhardened cabbage 95-96

healthy and blighted spinach 381-384

Reduviolusferus, natural enemy of Miris dola-

bratus 194. 196
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Page

Relation of Inorganic Soil Colloids to Plow-

sole in Citrus Groves in Southern Cali-

fornia S05-S19

Residual soluble nitrogen in normal and

blighted spinach 400-404

Respiration of seeds, relation of catalase and

oxidase content to 137-174

Reynolds, Francois H. (paper): A Multiple-

Pipette Holder for the Distribution ofSerum
for the Complement-Fixation Test 615-618

Rheosporangium aphanideTtnatus, causal

organism of damping-off in conifers 530, 540

Rhizoctonia, causal organisms of damping-oS

in conifers s^^~5S^

Rhizoctonia—
crocorum, not grown on artificial media. . . 530

medicaginis. Syn., Rhizoctonia crocorum.

Rhizopus nigricans, causal organism of sweet-

potato storage-rots 338-368

Ribes spp., hosts of Cronartimn ribicola 619-660

Ringrot of Ipomoea batatas—
dissemination 343

inoculation experiments 342-344

symptoms 340-342

Rosa spp., resistant to brown canker 593-600

Coniothyrium fuckelii, difference from Diapor-

the unibrina 593-594

Rosellinia sp., not cause of damping-ofi in

conifers 536

Roses. See Rosa spp.

Rugosas, resistant to brown canker 593-600

Russian wild olive. See Elaeagnus sp.

Rust, timothy, transferred by bridging hosts. 222

Rusty vaporer moth . See Notolophus antiquus.

Rutaceous plants, susceptibility to citrus

canker 661-666

Rye-
effect on alfalfa silage 574-590

See Secale cereale.

Salt content of soils, determination by
freezing-point method 331-336

Salvia, production of injected areas due to

freezing 86

Sanford, H. 1,., and Sasscer, E. R. (paper):

Effect of Hydrocyanic-Acid Gas imder

Vacuum Conditions on Subterranean

Larvae 133-136

Sasscer, E. R., and Dietz, H. F. (paper):

Fumigation of Cattleya Orchids with Hy-
drocyanic-Acid Gas 263-268

Sasscer, E. R., and Sanford, H. L. (paper):

Effect of Hydrocyanic-Acid Gas under

Vacuum Conditions on Subterranean

Larvae 133-136

Schwartz, Benjamin (paper): Observations

and Experiments on Intestinal Trichinse. 467-482

Sclerotium—
bataticola, causal organism of charcoal-rot

in Ipomoea batatas 351

rotfsit, fungus isolated from Ipomoea batatas. 364

Scofield, C. S. (paper): Effect of Farm
Manure in Stimulating the Yields of Irri-

gated Farm Crops 493-503

Scotch pine. See Pinus sylvestris.

Scrub pine. See Pinus virginiana.

Scurf, fungous disease of Ipomoea batatas. . . 35J-353

Page

Secale cereale, used in bridging-host experi-

ments 226-249

Seed, dormant, decay due to damping-off. ... 525

Seedling Diseases of Conifers (paper) 521-558

Seedlings, conifer, injury from

—

damping-off 521-558

drouth 5S4-S5S

mechanical means 551-554

whitespot , 531

Seeds—
catalase and oxidase content of 137-174

effect of

—

after-ripening on catalase activity 152-156

after-ripening on oxidase activity 165-166

age on catalase activity 150-154

age on oxidase activity 164-165

bromelin on oxidase activity 169

drying on catalase activity 149-150

germination on oxidase activity 166-167

heat on catalase activity 154-156

maturity on catalase activity 148-149

maturity on oxidase activity 163-164

mercuric chlorid on oxidase activity. . . 168-169

mercuric nitrate on oxidase activity 169

mercurous nitrate on oxidase activity. . . . 169

retention in germinator on catalase activ-

ity 156-159

vitality on catalase activity 150-154

oxidase activity of nonliving structures. . 167-168

Serum, distributed by multiple-pipette

holder: 615-618

Severinia buxifolia, immunity to Pseudo-

monas citri 662-665

Shortleaf pine. See Pinus echinata.

Silage-

alfalfa—

acidity 574, 581

bacteria in 571-592

bacteriological analysis 586-587

chemical analysis 586-587

effect of carbohydrates 584-590

loss in weight 114

moisture content 114

sweet-clover compared with alfalfa 1 13-132

Silica in

—

greensand 483-492

mulch, plowsole, and subsoil 508-516

Silicic-oxid content of soil, effect of drying. 325-338

Silicon dioxid in

—

mulch, plowsole, and subsoil 50S-516

normal and blighted spinach 371-375

Silver

—

chlorid, used in determining nitrogen in

spinach 400-404

nitrate, used in determining nitrogen in

spinach 399-404

Snake melon. See Cucumis melo.

Sodium

—

carbonate

—

effect on plowsole 507

used in alkali experiment 289-319

chlorid

—

effect on plowsole 507

used in alkali experiment 2S9-319

used in experiments with intestinal

trichinx 468-482
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Sodium—Continued. Page

cyanid

—

effect on cattleya orchids 267-268

used to generate hydrocyanic-acid gas . , . 134

hydroxid

—

in alfalfa silage 586-590

used to determine

—

catalase content of seeds 139

water-soluble nitrogen in spinach . .
•

. 398-404

nitrate, effect on plowsole 507

oxid in normtal and blighted spinach 371-37S

phosphate, effect on plowsole 507

sulphate, used in alkali experiment 2S9-319

Softrot in Ipomoea batatas—
dissemination 342

inoculation experiments 342-344

symptoms 340-342

Soil Acidity as Affected by Moisture Condi-

tions of the Soil (paper) 321-329

Soil-

adobe, inorganic colloids 516

colloids, relation to plowsole 505-519

effect of carbon disulphid and toluol on

nitrogen-fixing organisms 601-614

Hagerstown silty loam, fertilizer potash

residues in 59-81

overwintering of Bacterium lachrymans in. 213

particles, effect of size on toxity of alkali. 290-301

salt content of, determination by freezing-

point method 331-336

water content of, effect on fumigation with

hydrocyanic-acid gas 1 133-136

Soil Factors Affecting the Toxicity of Alkali

(paper) 287-319

Snlanum tuberosum—
effect of farm manure on 494-503

leafroll 559-57°

Sorghum kalepensis—
diameter of cells in seeds 145

catalase and oxidase content of seeds 137-174

hybridized with Tunis grass, catalase ac-

tivity of seeds 146-147

Species, new 593-600

SphacTonem.a fimbriatum, causal organism of

blackrot of Ipomoea batatas 344

Spinacia oleracea—
deuitrification due to blight 401-404

effect of blight on

—

ash content 371-375

carbohydrate production 381-384

nitrogen metabolism 385-404

oxidase reaction 377-380

Spinach-blight, physiological studies 369-408

Sporobolus cryptandrus, source of Puccinia

graminis in bridging-host experiment ;r8

Sporoirichium. sp., fungus isolated from Ipc-

moea batatas 364

Spruce

—

Engelmann. See Picaa engeltnanni.

Norway. S^e Piceaeicelsa.

Squash

—

Hubbard. See Cucurbita maxima.
Japanese crookneck. See Cucurbita mos-

chata.

summer . See Cucurbita pepo var . condensa

.

Squirting cucumber. See Momordica elate-

rium.

Page
Stakman, E. C, Piemeisel, F. J., and Levine,

M. N. (paper): Plasticity of Biologic Forms
of Puccinia graminis 221-249

Starch-
digestibility 271,282

influence on digestibility of hay 27a

in hardened and nonhardened cabbage.. 95-96,

105-108

in healthy and blighted spinach 381-384

methane fermentation 274-275

net energy value 269-286

Storage, effect on oxidase activity of seeds. 165-166

Storage-rots of Ipomoea batatas 337-368

Straw, effect on alfalfa silage 574-590

Studies in Inheritance of Certain Characters

of Crosses between Dairy and Beef Breeds

of Cattle (paper) 1-57

Stutzer's nitrogen in silage 129-133

Sucrose in

—

hardened and nonhardened cabbage 95-96

healthy and blighted spinach 381-384

Sudan grass. See Andropogon kalepensis su-

danensis.

Sugar beets. See Beta vulgaris.

Sugar, cane, effect on alfalfa silage 584-590

Sugars in healthy and blighted spinach. . . . 381-384

Sulphate

—

calcium, effect on plowsole 507

copper, effect on Bacterium lachrymans . . . . 205

magnesium

—

effect on plowsole 507

in solution used in experiments with

greensand 486-492

sodium, used in alkali experiment 289-319

Sulphid, copper, used in determining nitrogen

in spinach 400-404

Sulphur trioxid in

—

greensand 485

normal and blighted spinach 371-375

Sulphuric acid. See Acid, sulphuric.

Sunflower. See Helianthus annuus.

Swanson, C. O., and Tague, E. L. (paper):

Chemistry of Sweet-Clover Silage in Com-
parison with Alfalfa Silage ii3-i3a

Sweet clover. See Me/i7o/M.r spp.

Sweet-clover siiage compared with alfalfa

silage 113-132

Sweet-Potato Storage-Rots (paper) 337-368

Tague, E. L., and Swanson, C. O. (paper):

Chemistry of Sweet-Clover Silage in Com-
parison with Alfalfa Silage ii3-i3»

Tarnished plant bug. See Lygus pratensis.

Taxus—
canadensis, host of damping-off parasites . . 53 1-558

cuspidata, host of damping-off parasites. . 531-558

Temperature

—

effect on—
Bacterium, lachrymans 204-205

catalase activity of seeds 154-156

relation to hardening of plants against frost

injury 93-94

Terminalia catappa, host of puparia parasi-

tized by Diachasma iryoni 429

Tetramethylparaphenylenediamin, used as a

test for oxidase in frozen cabbage leaves. . . 88
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Teirastickus gtffardianus— Page
life history 448-454

natural enemy of Mediterranean fruit fly. 419-466

Tkevetia neriifoUa—
host of puparia parasitized by Diachasma

fullawayi 44S

host of larvae parasitized by Tetrastichus

giffardianus 45^

Thymolphthalein, used in titration of silage

extract 119-127

Tilia americana, catalase and oxidase content

of seeds •• 138

Timothy-
rust, transferred by bridging hosts 222

See Phleuni pratense.

Titration of silage extract 116-130

Toddalia asiaiica, susceptibility to Pseudo-

monas citri .' 663-665

Toluol-

effect on nitrogen-fixing organisms in soil 601-614

used in determining carbohydrates in nor-

mal and blighted spinach 3S3

Tomato. See Lycopersicon esculentum.

Toxity of alkali, effect of soil factors 287-315

Trichinella spiralis, growth and molting. . . 467-482

Trichoderma—
koningi, isolated from

—

damped-off conifers 546-558

Ipomoea batatas 360-361

lignorum—
isolated from damped-off conifers 539-558

used in inoculation experiments with

Ipomoea batatas 361

Trichosanthes colubrina, free from attacks of

Bacterium lachrymans 206

Trichosporium sp., fungus isolated from Ipo-

moea batatas 364

Trichothecium roseum, not cause of damping-

off in conifers 540-558

Trifolium—
incarnalum—

catalase content of seeds 144

diameter of cells in seeds 145

pratense, used in experiments with green-

sand 485-492

Trioxid, sulphur, in

—

grcensand 4S5

normal and blighted spinach 371-375

Triphasia trifolia, immunity to Pseudomo-

nas citri 662-665

Triticum—
aestivum—

catalase activity of parts of seed 146

used in bridging-host experiments 226-249

used in experiments with greensand. . . 485-492

yield on alkali land 302

vuigare, reported infected with timothy rust

through bridging host 222

Page

True, Rodney H., Black, Otis F., Kelly,

James W., Bunzell, H. H., Hawkins, Lon A.,

Jodidi, Samuel L., and Kellogg, Edward
H. (paper): Physiological Studies of Normal
and Blighted Spinach 369-408

True, Rodney H., and Geise, Fred W. (paper):

Experiments on the Value of Greensand as

a Source of Potassium for Plant Culture . . 483-492

Tunis grass and sorghum hybrid, catalase

activity of seeds 146-147

Turban squash. Cucurbita pepo var. condensa.

Tyrosin—
used to determine oxidase activity in normal

and blighted spinach 377-380

test for oxidase in frozen cabbage leaves. ... 88

Tyrosine, oxidase of Johnson grass not active

toward 162

Urinary excretion, analysis in alfalfa hay and
starch-feeding experiment 273,283

Vacuum process of fumigation with hydro-

cyanic-acid gas 133-136

Vaseline, used in treatment of favus 417-418

Verticillium, cinnabrinus, fungus isolated from

Ipomoea batatas 364

Vitality of seeds, relation of catalase and
oxidase content to 137-174

Water in soil, effect on fumigation with hydro-

cyanic-acid gas 133-136

Water extract of silage

—

acidity 116-125

method of making 114-115

nitrogen in 125-132

Watermelon. See Citrullus vulgaris.

Wax on plant leaves, effect upon freezing

point of plant 86

Webworm, fall. See Hyphantria cunea.

Weimer, J. L., et al. (paper): Sweet-Potato
Storage-Rots 337-368

West Indian gherkin. See Cucumis anguria.

Wheat. See Triticum, aestivum.

Wheat wireworm. See Agriotes mancus.
White grub. See Lachnoslcrna Sp.

White piae. See Pinus strobus.

Whitespot, resemblance to damping-off in

conifer seedlings 551

Wild cucumber. See Echinocystis lobata.

Willard, H. F., and Pemberton, C. E. (paper):

Contribution to the Biology of Fruit-Fly

Parasites in Hawaii 419-466

Wireworm, wheat. See Agriotes mancus.
Witch grass. See Panicutn capillare.

Xanthozylum rhetsa, immunity to Pseudo-

mcmas citri 663-665

Yeasts in alfalfa silage 574-593

Yellow pine. See Pinus ponderosa.

Yew. See Taxus cuspidata.

Zygorhyncfnis sp., fungus isolated from Ipo-

moea batatas 364
Zymase, cause of alcohol in silage 590
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